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SAFETY SUMMARY 


The following general saf^ precautions nnist be observed during all phases of operation and maintenance of this 
instrument. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates safety 
standards of design, manu&cture, and intended use of the instruments. Boonton Electronics Corporation assumes no 
liability for the customer's &ilure to comply with these requirements. 

THE INSTRUMENT MUST BE GROUNDED. 

To minimize shock hazard the instrument chassis and cabinet must be connected to an electrical ground. The instrument 
is equipped with a three conductor, three prong AC power cable. The power cable must either be plugged into an 
^)proved three-contact electrical outlet or used with a three-contact to a two-contact adapter with the (green) grounding 
wire firmly connected to an electrical ground at the power outlet. 

DO NOT OPERATE THE INSTRUMENT IN AN EXPLOSIVE ATMOSPHERE. 

Do not operate the instrument in the presence of flammable gases or fumes. 

KEEP AWAY FROM LIVE CIRCUITS. 

Operating persoimel must not remove instrument covers. Component replacement and internal adjustments must be 
made by qualified maintenance personnel. Do not replace components with the po^r cable connected. Under certain 
conditions dangerous voltages may exist even though the power cable was removed; therefore, always disconnect power 
and discharge circuits before touching them. 

DO NOT SERVICE OR ADJUST ALONE. 

Do not attempt internal service or adjustment unless another person, capable of rendering first aid and resuscitation, is 
present. 

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT. 

Do not install substitute parts of perform any unauthorized modification of the instrument. Return the instrument to 
Boonton Electronics for repair to ensure that the safety feahires are maintained. 



This safety requirement symbol has been adopted by the International Electrotechnical 
Commission, Document 66 (Central Office) 3, Paragraph 5.3, which directs that an 
instrument be so labeled if; for the correct use of the instrument, it is necessary to refer 
to the instruction manual. In this case it is recommended that reference be made to the 
instruction manual when connecting the instrument to the proper power source. Verify 
that the correct fuse is installed for the power available, and that the switch on the rear 
panel is set to the applicable operating voltage. 

The CAUTION sign denotes a hazard. It calls attention to an operation procedure, 
practice, or the like, wfiicb, if not correctly performed or adhered to, could result in 
HainagA to Of destTuctlon of part or all of the equipment. Do not proceed beyond a 
CAUTION sign until the indicated conditions are fully understood and met. 

The WARNING sign denotes a hazard. It calls attention to an operation procedure., 
practice, or the like, which, if not correctly performed or adhered to, could result in 
injury of loss of life. Do not proceed beyond a warning sign until the indicated conditions 
are fully understood and met. 

This SAFETY REQUIREMENT symbol has been adopted by the International 
Electrotechnical Commission, document 66 (Central Office)3, Paragraph 5.3 which 
indicates hazardous voltage m^ be present in the vicinity of the marking 




IMPORTANT NOTICE 

_ DECEMBER 1, 1995 _ 

IN STRUCTION MANUAL-ADDENDUM: MODEL 7200 | 

Instruction manual addenda are issued to adapt the manual to changes and improvements 
made after this printing. Please review the following text and retain with your manual for 
future reference. These changes will be applied in the next printing of the manual. 

Thank you for selecting BOONTON ELECTRONICS for your Test and 
Measurement needs. 


Page 1-3 Table 1-1 Supplemental Information 
Add the following: 

Ventilation Requirements: 

1 1/2 inch clearance after installation, top,side, and rear 
Temperature: 

Operating: 10 to 40 degrees C 
Non-Operating: -40 to 75 degrees C 

Altitude: 

Operating: 10,000 FT 
Non-Operating: 15,000 FT 

Humidity: 

95% (non-condensing) 

Battery Type: 

Refer to page 6-2 

CE MARK: Declares Conformity to European Community (EC) Council Directives : 
89/336/EEC//93/68/EEC, 73/23/EEC//93/68/EEC & Standards : EN55011, 
EN50082-1,EN61010-1 

Page 2-1 Line Voltage Select Chart 

Change 3/8 ATD & 0.2 ATD to 3/8A T & 0.2 A T 



IMPORTANT NOTICE 

_ MARCH 18,1996 _ 

INSTRUCTION MANUAL-ADDENDUM: MODEL 72^ 


Instruction addenda are issued to adi^t the manual to changes and improvements 

made after this printing. Please review the following text and retain with your manual for 
future reference. These changes will be applied in the next printing of the manual. 

Thank you for selecting BOONTON ELECTRONICS for your Test and Measurement needs. 

Page 7-23, AMPLIFIER SCHEMATIC 
CHANGE Q5 TO 2N4416 

Page 6-3, AMPLIFIER REPLACEMENT PARTS 

CHANGE Q5 TO TRANS FET 2N4416 N-CHANNEL, BEC P/N 528072000 


REF CN 1072 


98302601D 



IMPORTANT NOTICE 

_ MARCH 18,1996 _ 

INSTRUCHQN MANUAL-ADDENDUM: MODEL 7200 


Instruction manual addenda are issued to adapt the manual to changes and improvements 
made after this printing. Please review the following text and retain with your manual for 
future reference. These changes will be applied in the next printing of the manual. 

Thank you for selecting BOONTON ELECTRONICS for your Test and Measurement needs. 


Page 7-23, AMPLIFIER SCHEMATIC 
CHANGE Q5 TO 2N4416 

Page 6-3, AMPLIFIER REPLACEMENT PARTS 

CHANGE Q5 TO TRANS FET 2N4416 N-CHANNEL, BEC P/N 528072000 


REF CN 1072 


98302601D 



IMPORTANT NOTICE 

_ April 2, 2001 _ 

[operation and MAINTEN>>i^CE MANUAL-ADDENDUM: MODEL 7200 | 

Operation and Instruction manual addenda are issued to adapt the manual to changes and 
iimrovements made after this printing. Please review the following text and retam with your 
manual for ftiture reference. These changes will be applied in the next printing of the manual. 

Thank you for selecting BOONTON ELECTRONICS for your Test and Measurement needs. 

Page M “Programmable Bias and Test Level”, paragraph l-4.c. 

CHANGE “+200 volts” TO “±60 volts”. 

CHANGE “+100 volts” TO “+60 volts”. 

Page 1-2 ‘Table 1-1. Performance Specifications.” 

“External Bias Measurement” 

CHANGE “Range:+200 volts” TO “Range:+60 volts”. 


Page 1-3 ‘Table 1-1. Performance Specifications Continued.” 

“Internal Bias Source” 

CHANGE “Range:+100V’ TO “Range: ±60V”. 

“Rear Panel Connectors External Bias Input:” 

CHANGE “+ 200 V maximum” TO “+ 60 V maximum”. 

Page 2-1 “External Bias”, paragrs^h 2-14, 

CHANGE “+200 volts” TO "±60 volts”. 

Page 2-3 “PRELIMINARY CHECK.”, paragraph 2-18.f. 

CHANGE ‘700 volts” TO “60 volts”. 

Page 3-10 “Rear Panel Connectors.”, paragraph 3-30. 

CHANGE in two places “200 volts” TO “60 volts”. 

Page 3-11 “Applying External Bias.”, paragraph 3-38 and paragraph 3-38.d. NOTE. 
CHANGE ‘700 volts” TO “60 volts”. 

Page 3-11 “Applying Pulse Bias.”, paragraph 3-39 line 5. 

CHANGE TEXT “cuase” TO “cause”. 

Page 3-13 “Applying Internal Bias.”, paragraph 3-40. 

CHANGE “± 100 volts” TO “+ 60 volts”. 

Page 3-14 ‘Table 3-2. Special Function Codes.”, paragraph 3-40. 

“Internal Bias Ranging Functions:” 

CHANGE “hold 100.00 V range” TO “hold 60.00 V range”. 
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Page 3-16 “Selecting Internal Bias Ranges.”, paragraph 3-54. 
CHANGE “100 volt” TO “60 volt”. 


Page 3-18 ‘Table 3-4. SETUP Mode Selections.” 

“Sweep Parameter Functions” 

CHANGE in three places “100 volts” TO “60 volts”. 

Page 3-20 ‘Table 3-6. Error Codes.” 

FOR ERROR CODE 60 CHANGE “100 V range” TO “60 V range”. 

Page 3-21 ‘Table 3-7. IEEE-488 Bus Mnemonics.” 

“Functions With Numerical Arguments:” 

CHANGE “BI Internal Bias (-100.00 to +100.00 V)” 

TO “BI Internal Bias (-60.00 to +60.00 V)” 

CHANGE “XL Bias Start (-100.00 to +100.00 V)” 

TO “XL Bias Start (-60.00 to +60.00 V)” 

CHANGE “XR Bias Stop (-100.00 to +100.00 V)” 

TO “XR Bias Stop (-60.00 to +60.00 V)” 

CHANGE “XS Bias Step (0 to 100.00 W 
TO “XS Bias Step (0 to 60.00 V)” 

Page 4-4 “D.C. Bias Circuitry.”, paragraph 4-14. line 5. 

CHANGE “±100 volts” TO “±60 volts”. 

Page 5-2 ‘Table 5-1. Recommended test Equipment and Tools.” 

CHANGE THE CRITICAL SPECIFICATIONS FOR THE POWER SUPPLY 
FROM “Level Range: 0 to 200VDC’ TO “Level Range: 0 to 60VDC”. 

Page 5-11 ‘Table 5-9. Internal Bias Accuracy Test.” 

DELETE "Internal Bias Setting +100.00 V’. 

DELETE “Internal Bias Setting -100.00 V”. 

Page 5-12 ‘Table 5-10. External Bias Accuracy Test.” 

DELETE “Power Supply Setting +200.00 V’^ 

DELETE “Power Supply Setting -200.00 V”. 

Page 5-13 “Internal Bias Calibration.”, paragraph 5-35.7 
CHANGE “100 volt” TO “60 volt”. 
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Page 6-2 Parts List 

CHANGE “07231000B PWA ‘7200’ CONTROL (A3)” 

TO “07231000C PWA‘7200’CONTROL (A3)”. 

Page 6-3 Parts List 

CHANGE “072310006 PWA ‘7200’ CONTROL (A3) CONTINUED” 
TO “07231000C PWA ‘7200’ CONTROL (A3) CONTINUED”. 

Page 6-3 Parts Ust “0723 lOOOB PWA ‘7200’ CONTROL (A3) CONTINUED” 
CHANGE MANUF. PART NUMBER AND BEC PART NUMBER 
FOR UlO FROM “53459000A” TO “53488600A”. 

Page 6-3 Parts List “0723 lOOOB PWA ‘7200’ CONTROL (A3) CONTINUED” 
CHANGE MANUF. PART NUMBER AND BEC PART NUMBER 
FOR U11 FROM “53459 lOOA” TO “53488700A”. 

Page 6-4 Parts List 

CHANGE “0723 lOOOB PWA ‘7200’ CONTROL (A3) CONTINUED” 
TO “07231000C PWA‘7200’CONTROL (A3) CONTINUED”. 
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General Information 


SECTION I 

GENERAL INFORMATION 


Section I 


M. INTRODUCTION. 

1-2. This instruction manual provides general information, 
installation and operatii^ instructions, the<^ of operation, 
and maintenance information for the Model 7200 
O^adtance Meter. 

1^. DESCRIPTION. 

1-4. The Model 7200 is a microprocessor-based capacitance 
meter v^iich provides fulty automatic, 1 MHz capaafance 
and loss measurements. Its operating capacitance range is 0 
to 2000 pF, and its conductance range is 0 to 2000 fiS. The 
foUo^Mng features make the Model 7200 suitable for a wide 
variety ctf applications. 

a. Versatile Displays. The Model 7200 measures the 
parallel ca pidranc^ and conductance of the device under 

From these measured parameters, k can calculate and 
display the equivalent series and parallel resistance, series 
capacitance, dissipation factor, and quality factor. 
Capacitance can also be displayed as a deviation from a 
programmable reference value in % or pF units. 

b. Accuracy. The basic accuracy of Model 7200 for 
capacitance measurements is 0J25 % of reacting + 0.2 % of 
full scale + 0.005 pF, and the basic accuracy for conductance 
measurements is 2.S % of reading + 2 j0 % of full scale + 
0.05 /iS + 2(foCf, where C is the parallel capacitance in 
Farads. 

c. Programmable Bias and Teat Level. The 
Model 7200 nfiliy^ a 1 MHz test signal with programmable 
levels of15,30,50, or 100 millivolts. It accepts, measures, and 
displays external DC bias voltages over a range of ± 200 volts. 
An intern^ bias pou«r supply is programmable over a ±100 
volt range. Bias voltages oi ekher polarity can be applied to 
the HI test terminals. This bias capabDicy with hst responding 
C, G, and V outputs the instrument ideal for C-V of 
G-V semiconductor plots, as well as DLTS material studies. 

d. Wide Zeroing Range. The Model 7200 can zero 
stray capacitances of up to2000pF automatically with a single 
keystroke. As a result of this wide zcrmng capability, the 
range of the instrument can be effectively inaeased to 4000 
pF by 6rst zeroing the instrument with a 2000 pF specimen 
connected to the input terminals. 

e. Ease of Operation. Human engineering con¬ 


siderations have been emphasized in both the mftrlmntral and 
electrical of Mode! 7200. Measurement modes, test 
•ignai tevels, bUtt voltagcs, and reference ctpackastce and 
conductance values are easily programmable wkh frmit- 
panel keystrokes. Ranging and measurement are fully auto¬ 
matic. Measured values and settings are displayed on a 
20‘dmracter vacuum-fluc^escent duqday with units meas¬ 
urement to mmimiTg the possfrality mismterin’eCation. 
LEDs indicate active keys. 

f. Panti Setup Storaga and Recall. The Model 
7200 can store up to 99 complete panel seti^ in nonvolatile 
memory. Farh stored setup can recalled by entering the 
stored program number either localfy or through the GFIB 
bus. This feature is eq)ecia]fy useful when a series of often- 
repeated test sequences nee^ to be performed. 

g. IEEE-488 Interface. The Model 7200 uses a 
microprocessor with a fixed internal program fiw automatic 
contrcti of all measurement, computatiqn, and display func¬ 
tions. The use of a microi»‘ocessor facilitates intmfhcmg with 
ATE systems. The Model 7200 is equipped with a fuD-fiinc- 
tion IEEE-488 bus interface. All front panel contn^ func¬ 
tions, with the exception the PLOT and LCL/INIT 
key frmetions, are remote^ prt^rammable. For rapid data 
transfer, C, G, and V infonnation is available simultaneously. 

h. Analog Outputs. Analog voltages proportional to 
measured values of capacitance, conductance, and bias are 
continuously available at rear panel connectors for applica¬ 
tion to an a^og plotter. 

I Remote Measurements. Because of its tolerance 
of loading capacitances, the M(xlel7200 is particnlarfy useful 
for measurements at a pennt remote from the front panel test 
terminals, such as in environmental chambers, in areas of 
Karmfii! ractiation, or in component handlers for production 
testing. 

j. Special Functions. A variety of q>edal functions 
are provided to extend the operational capabilities ctf Model 
7200 to meet specific requirements. The instrument can be 
configured to hold a particular measurement range when 
parameters of test specimens fall within a known range. 
Measurement ii™ts ran be programmed, and the instrument 
trill indicate if the measurements fcM’ the test spedmen are 
above or below these limits. The averaging filter length can 
be selected from no averaging up to 500 measurements. 
Internal temperature and temperature influence on measure- 
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General Infonnadon 


Table 1-1. Performance Specifications. 


MEASUREMENT SPECIFICATIONS 

Capacitance Measurement 

Accuracy: 

2.5 % of reading + 2 % of fuli scale + 

Range: (full scale) 2.20,200, and 2000 pF 

0.05 aS + 2(a»C)^ 

Resolution: 

where C is the parallel capacitance in Farads 

1 0.001 pF,0to2pF 

i 0.01 pF, 2 to 20 pF 

External Bias Measurement 

1 0.1 pF,20to200pF 

1 pF,200to2000pF 

Range: ± 200 volts 

Accuracy: 

Resolution: 0.1 volt 

0.25 % of reading + 0.2 % of fuli scale + 0.005 pF 

Accuracy: 025% of reading + 4 counts 

Conductance Measurement 

Temperature Influence 

Range: (fuH scale) 2,20,200, and 2000 

Operating Temperature: 10 to 40 ^ 

Resolution: 

Amplitude Error ± 0.017 %rc 

0.01/<S,0to2//S 

Phase Error ± 02 W 

0.1 nS, 2 to 20/4$ 

Warm-up Time: 2 hours 

VS. 20 to 200/4S 

10/<S.200to2000/4S 


ments can be displayed. Special functions can also be used 
wkh external stai^brds to cal3>rate the mstmmeot from the 
front panel or over the IEEE-488 interface. 

1-5. ACCESSORIES. 

1-6. The available accessories are Usted in Table 1-1. 


1-7. OPTIONS. 

1-8. No available options at this time. 

1-9. SPECIRCAT10NS. 

1-10. Performance specifications for the Model 7200 
Capacitance Meter are listed in Table 1-1. 
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Table 1-1. Performance Specifications Continued. 


General Informatton 

iEEE488 Bus Interne 

CompBes wth IEEE-488-1978, 
implements AH1, SH1, T6, TEO, L4, LEO, 
SRI. RL1, PRO. DC1, DTI, CO and El 


SUPPLEMENTAL INFORMATION 

Computed Parameters 

Series Capacitance: 0.000 to t 9999 pF 
Series Resistance: 0.00 Q to ±9.999 MO 
Parallel Resistance: ± (488.5 W to 9.999 MO) 
Dissipation Factor: 0.000 ± 999.9 
Quality Factor: 0.000 to t 999.9 
Delta Capacitance: 0.000 to ± 9999 pF 
Delta Percent: 0.00 to ±99.99% 

Test Signal 

Frequency: 1.0 MHz, crystal controlled 
Level: 15, 30, 50, or 100 mV. programmable 

Internal Bias Source 
Range: ± 100V 
Maximum Current: 5 mA 

1 mV for voltages less than or equal to 20 V 
10 mV for voltages above 20 V 

Accuracy: 0.5 % of setting + 10 counts 

Rear Panel Connectors 
External Bias Input 

± 200 V maximum. 1/16A fuse protected 

Capacitance Analog Output: (Parallel Capacitance) 

2 V full scale 

Source Resistance: 1000 Q 

Linearity: 0.1 % of reading + 0.05% of full scale 

Loss analog Output (Conductance) 

2 V fuU scale 

Source Resistance: 1000 O 

Lineality: 0.1% of reading + 0.05% of full scale 

Bias Analog Output 10 mV/V 

Source resistance: 1000 O 


Power Requirements: 

100. 120, 220. or 240 VAC. ± 10 %, 

50 to 400 Hz. 35 VA 

Ventilation Requirements: 

1 1/2" clearance after installation, top, side, rear 

Temperature: 

Operating: 0 - +55'*C 
Non-operating: -40 - +75®C 

Altitude: 

Operating: 10,000 ft 
Non-operating: 15.000 ft. 

Humidity: 95% (non-condensing) 

Battery Type: Refer to parts list page 6-4 

Weight 12 lb (5.4 kg) 

Dimensions: See Figure 1-1 

CE Mark: Declares Conformity to European 

Community (EC) Council Directives: 
89/336/EEC//93/68/EEC, 73/23/EEC//93/68/ 
EEC & Standards: EN55011, EN50082-1, 
EN61010-1 

Accessories Supplied; AC power cord 

Accessories Available: 

76-2A series Capacitance standards, for use in 

calibration & performance verification 
Conductance standards, for use in 
calibration & performance verification 
Rack-mounting kit, single 
Rack-mounting kit, dual 
Rack-mounting kit, single, with slides 
Rack-mounting kit, dual, with sfides 
Rack-mounting kit, single, with 
slides and drawer 
Transit case 
Chip capacitor fixture 
Remote test fixture 

Rack mounting kit, to mount with older, 
half-rack installation 


76-4A series 

950000000 

950001000 

950041000 

950037000 

950038000 

950038000 
95300002A 
95313301A 
9S0002000 
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2-1. I^^TRODUCnON. 

2-2. This section contains the unpacking, mounds^ power 
requirements, cable connections, and preBtnmary check in¬ 
structions for the Model 7200 Capacitance Meter. 

2-3. UNPACKING. 

2-4. The instrument is shipped complete and is ready to use 
upon receipt Unpack the mstmment from its shipping con¬ 
tainer and inspect for dam^ that may have occurred during 
shipment R^er to Figure 2-1. 

NOTE 

Save the poking material and container fc» possible 
use in reshipment of the instrumenL 

2-5. MOUNTING. 

2-d. For bench mounting choose a clean, sturdy, uncluttered 
mnimting sucfacc. FoT rack mounting, accesscvy kits are 
available. Refer to Table 1-1 for available accessories. The 
rack fnniinring kits the reqiured hardware and in¬ 

structions. 

2-7. POWER REQUIREMENTS. 

2-8. The instrument has a tapped power transformer and two 
line voltage selection switches which permit opera t ion from 
100,120,220, or 240 volt, ± 10 %, 50 to 400 Hz, single phase 
AC power sources. 

CAUnON 

Always make certain that the line vo&qgr selection 
switches are set to the correa positions corresponding 
to the voltage the AC power source, and that a fuse 
of the correct rating is installed b^ore connecting d\e 
instrument to any AC power source. 


Line Voltage Select Chart 


VAC 

100 

220 

50 to 

±10% 

120 

240 

400 Hz 

Fuse 

3/8 AT 

0.2 AT 

35 VA 


2-9. Set the rear panel line voltage selector switches to the 
appropriate positions as indicated in the Line Voltage Select 
Oxart and check that the line fuse is correct for the selected 
power source. 

2-10. FRONT PANEL CONNECTIONS. 

2-lL Test Tenninals. The device that is to be tested is 
connected to the instrument throu^ the front-panel, type 
BNC, TEST connectors. Connections may be mai^ dire^, 
through the acrcssofychy capacitor fixture, or the accessory 
remote test fixture. If DC Uas is to be iqjplied to the 
specimen, the Uas is applied through the TEST HI connector 
from the rear panel external bias input or the cqjtional inter¬ 
nal bias source. The 1 MHz test applied through ^ 

TEST LO connector. 

2-12. Differential Terminals. For differential measure¬ 
ments, the reference device is connected to the front-panel, 
type BNC, DIFF connectors directly or throu^ the accessory 
fAip capacitor fixture or remote test fixture. Bias voltage, if 
required, is applied to the specimen through DIFF HI 
connector from the rear panel external bias input or the 
internal bias source. The 1 MHz test signal is appli^ through 
the DIFF LO connector. 

2-13. REAR PANEL CONNECTIONS. 

2-14. External Bias. The type BNC EXT BIAS INPUT 
connector on the rear panel provides a means for application 
of DC voltages from an mctemal source to the lECT HI and 
DIFFHl connectors forbiasii^the measurement specim en s. 

bias voltages can be applied up to a maximum of 
± 200 volts and 1/16 ampere (fure protected). Bias vc^ta^ of 
either polarity may be applied to the EXT BIAS INPUT 
connector. 

CAUTION 

If external bias is appUed directfy to the specimen or 
to the front panel TEST HI or DIFF HI connectors, 
tlu'BlASObland'EXl modes mustbeendbledpiw 
to appUcadon of the bias voltage. Never apply bias 
voltages to theTESTlX>orDTFFLOtemtinals since 
tiiey have very low DC resistance to chassis gvund. 

2-15. IEEE-488 Bus Interface. The rear-pand 1EEE-4S8 
BUS connector provufos the means Ux connecting the in^ru- 
to an IEEE-488 bus for remote controL This connector 
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will accommodate a standard IEEE-488 bus connector. 

2>16. Analog Outputs. DC voltages proportional to 
measured values oi parallel capacitance, conductance, and 
bias are available at the type BNC, AKAIXXj OUT connec¬ 
tors on the rear panel Th^ analog DC voltages are available 
continuous^ during measurements. V<^age levels are 2 volts 
full scale, and source resistance is 1000 ohms. 

NOTE 

The ANALOG OUT CAP and LOSS voltages an 
proportional to measured parallel capacitance and 
conductance, re^>wtivefy, even if computed values an 
selectedfirt'iSspU^on ^instrument 

2-17. PREUMINARY CHECK. 

2-18. The preliminary check verifies that the Model 7200 is 
operational and should be performed before the imtfrntnenf 
is placed into use. The required test eqwpmeat is listed in 
T^le 5-L To perform the preliminaiy check, proceed as 
follows: 

a. Connect the AC power cord to the instrument power 
receptacle and to a suitable AC power somce. 

b. Set the front panel LINE switch to the ON position 


and verify that the following evoats occur in the order given: 

1) The LINE indic^or should light. 

2) "Boonton Electronics" should appear momen¬ 
tarily on tike instrument display. 

3) "Program Code" followed by the firmware 
revision number should then be displayed. 

4) All functions and operating modes of the Model 
7200 are restored to the values and conditions before the 
power was interrupted. 

c. Press the LCL/INIT key to initialize the instrnmeitt. 
The mirialiTft sequence resets aH fiinctions and operating 
modes oi the Model 7200 to the preset values and condhions 
Inued in Table 2-1. 

2-19. Check operation of the 1 MHz test gignat drcuits as 
follows: 

a. Connert an RF millivoltmeter to the frmt panel 
TEST LO connector. 

b. Press the SPCL key and verify that "spcl 0^ appears 
on the instrument display. 


Table 2-1. Initial Conditions. 


Function/Mode 

Condition 

Ijoss Display Mode 

Conductance (G) 

Capacitance Display Mode 

Parallel Capacitance (Cp) 

Test Level Function 

100 mV 

Capacitance Standard Function 

0.000 pF 

Conductance Standard Function 

0.00 ;<S 

Capacitance Low Limit Function 

-9999 pF 

Capacitance High Limit Function 

9999 pF 

Special Function 

0 

Program Location Function 

99 

Internal Bias Function 

0.000 V 

Bias Start Function 

0.000 V 

Bias Stop Function 

0.000 V 

Bias Step Function 

0.000 V 

Plot Mode 

Parallel capacitance (Cp) vs Bias 

X Axis Scale Mode 

Auto 

Y Axis Scale Mode 

Auto 

Sweep Mode 

Off 

Bias Mode 

Off 

IEEE-488 Address Function 

Unchanged 

End-of>strlng Character 

Unchanged 

IEEE-488 Talk Mode 

Talk value (TV) 
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c. Select specif hmction 1 by pressing the (1) key on 
the DATA ENTRY keypad. The instrument display should 
change to display an apostrophe and the number 1. 

d. Press the ENTER key on the DATA ENTRY 
keypad. The instrument display should show Test Level" 
followed by the active test level value: "lOOmV”. 

e. Select a test level of 15 millivolts by pressing the (1)> 
(5), and mV keys mi the DATA ENTRY keypad. The instru¬ 
ment display s^uld show Test Level ISmV”. 

f. Verify that the RF millivoltmeter reads ap¬ 
proximately 15 millivolts. 

g. Repeat step (e), except select test levels of 30,50» 
and 100 millivolts in succession. When each of these test levels 
has been entered, verify that the RF millivolcmeter reading 
approximately correspmids to the selected value. 

h. Disconnect the RF millivoltmeter. 

2-20. Check operation of the external bias circuits as follows: 

a. Connect, the DC voltmeter to the front panel Tha i 
HI connector. 

b. Connect a DC power supply to the rear panel EXT 
BIAS INPUT coanector. Either poUrity may be used. Ad¬ 
just the output voltage of the DC power supply to ap¬ 
proximately 15 volts. 

c. Press the EXT key on the front panel The LED in 
the key should light and ^ left section of the instrument 
display should contain the measurement of the applied bias 
voltage. 

d. Press the BIAS ON key on the front panel The BIAS 
ON mdicator should light green. Verify that the bias voltage 
value shown on the instrument display agrees with that shown 
on the DC voltmeter. 


e. Press the BIAS ON key again. The BIAS ON in¬ 
dicator should go off and the DC voltmeter reading should 
drop to zero. 

f. Adjust the output voltage of the DC power supply to 
a value between 20 and 200 volts. 

g. Press the BIAS ON key and verify that the BIAS ON 
indicator lights red and the displayed bias voltage value 
agrees with that shown on the DC voltmeter. 

h. Press the BIAS ON key. Turn off the DC power 
supply and disconnect the power suppfy and DC voltmeter 
from the instrument connectors. 

2-21. Check operation of the capacitance and conductance 
measurement circuits as follows: 

a. Press the ZERO k^ on the front pand. The instru¬ 
ment display should show "Meter 21ero” followed by a bar for 
each of the four ranges as they are zeroed. When zermng has 
been completed, both sections of the instnimi-nt display 
should show zero numerical values for G and Cp measure¬ 
ments. 

b. Connect a capacitance of known valim between the 
TEST HI and TEST LO connectors. 

c. Press the G and Cp keys. Verify that the LEDs in 
these keys light and that the conductance and parallel 
capacitance v^ues are displayed. 

d. Press the Cs key. Verify that the LED in this key 
li^ts and that the equi^ent series resistance and series 
capacitance are displayed. 

e. Press the Q key. Verify tbm the LEDs in this key 
lights and that the quality factor is displayed. 

f. Set the LINE switch to OFF and disconnect the 
capacitor. 
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Rgure 2-1. Packing and Unpacking Diagram. 
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3-1. INTRODUCTION. 

3-2. This section contains operating instructions for the 
Model 7200. It is highly recommended that the operator 
become with all the material in this section before 

at tfmpriTig to operate the mstmment; othowise, the full 
^paK nit^it of the instrument may not be realized. 

3^. CONTROLS, INDICATORS. AND CONNECTORS. 

3-4. The Model7200operating controls, inicators, and con¬ 
nectors are divided into fimodonal groups. The functio n al 
^oups con^ of the following: 

a. Instrument Displays and Indicators are used to 

display measurements and prog ramming values 

and to ind ica^ft IEEE-488 bus actmty. 

b. Measurement Function Keys are used to select 
the measurement modes and to zero the instrument. 

c. Bias Function Keys are used to select and apply 
bias voltage to the test specimens and to plot response curves. 

d. Miscellaneous Function Keys are used to select 
special functions, store and recall panel setups, i n itializ e the 
instrument and return the instrument to local, front-panel 
controL 


e. Data Entry Keypad is used to enter numerical 
values for selected functions. 

i Front Panel Connectors and Switches are used 
to control application of line power to the instrument and to 
connect the test specimen to the i nstrum en t. 

g. Rear Panel Connectors and Switches are used 
to connect the instrument to tlm ac power and DC bias 
sources and peripheral devices, to protect the power and DC 
bias circuits against overload, and to configure the input ac 
povrer dreuits of the instrument for various input liim vol¬ 
tages. 

3-5. The controls, indicators, and connectors of the function¬ 
al groups are shown in Figures 3-1 through 3-7. Paragraphs 
3-6 through 3-31 provide a more detailed description of these 
items. Note that some of the front-panel keys have two desig¬ 
nations, one on the key and the other below the key. These 
keys are dual function keys. The function of keys with blue 


designations depends on the SHIFT k^ status. In 
the yfighfftftd mode (LED in SHIFT key is not lifi^ite^, the 

fonction indicated by the designation on the key is s|)plicable. 
In the shifted mode, the frmetion imficated in bhie bdow the 

key is applicable. Shifting between the two modes is done 
the SHIFT key. Alternate deagnarions in black m 

applicable, without shifting, for specific instrument operating 
conditions. LEDs in selected function keys light when the 
functions are active. Hmm^iOQt this manual it wili be under¬ 
stood that when a key is r^erred to by the Hue nomench^nre 
below it, the shift key must be activate prior to pushing that 

key. 


3-6. Instrument Displays snd Indicators. Refer to Fig¬ 
ure 3-L The instrument uses a 20-character, vacuum fluores¬ 
cent display. The entire display is used for most data entry 
and functions; for measurement values, the display 

is divided into two sections. The left 10 characters are used 
to display the value of the active Mas or loss function. 

ri^ 10 characters are used to display the value of the active 

capacitance, special or program location function. An arrow 

syoibol (-•) win ^>pear in the first character of cither window 

as an indication of the active window for DATA ENTRY 
(^)eration. In senne special modes of operation the full 20- 
character display is used to indicaCe the description and 




3-7. A dual-cdor indicator is located directly below the 

BIAS ON key. This indicator lights when bias is bring appUed 

to the test speomen from within the instrument If the bias 

vritage exce^ 20 volts the indicator wfll li^ red; for values 

of 20 volts or less, it win light green. This indicator is atin- 
cmished vriien the bias is off. 


3-8. The IEEE-488 bus annunriators display the current 
IEEE-488bus interface status. When the Model 7^ is used 
in a system application the instrument di^lays and indicators 
with the exception of the IEEE-48S bus status annunciators 
can be using the blank display command (BL). 

The update display command (UD) restores the display to 
normal operation. 


3-9. Measurement Function Key*. Refer to Figure ^2. 

The measurement functum keys consist of the L^Stoction 

group, CAPACITANCE function group and ZERO keys. 
These keys maybe used at any time to change current meas¬ 
urement parameters and display updates. The parallel 
capacitance (CP) and amductance (G) are rirect measure¬ 
ment parameters. All other LOSS and CAPACITANCE 
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0 



DlSIKtt 


(1) Laft display section 

(2) Right display section 

(3) BIAS ON Indicator 

(4) IEEE-488 bus Indicators 

(5) Line Indicator 


Displays value of selected loss or bias function. 

Displays value of selected capacitance, q>ecial or prc^ram function. 
Indicates bias voltage is being applied to TEST HI and DIFF HI connectors. 
Indicates current IEEE-488 bus status. 

Indicates line power is applied to the instrument. 


Rgure 3-1. instrument Displays and Indicators. 


modes are values calculated from Che measurements. 

3-10. LOSS Function Kays. Loss measurement 
parameters are selected for display on the left section of the 
initfniment disi^ay the dual-frinction LOSS keys. The 
keys are interlock^ so that only one loss funcdoa is active at 
a time. The loss of the test specimen can be displayed as 
parallel conductance (G), quality frictor (Q), series resis¬ 
tance (Rs), parallel resistance (Rp) or dissipa^n factor (D). 
If the conductance (G) mode is selected while the 
CAPACITANCE display indicates series capacitance (Cs), 
the parallel capacitance (Cp) mode will automatically be 
displayed. The resistance (R) function can be display^ as 
parallel (Rp) or series (Rs) resistance. The parallel resis¬ 


tance (Rp) of the test specimen is displayed while the Cp 
mode is active and the series resistance (Rs) of the test 
speciinen is dis|^yed while the Cs mode is active. 

3-lL CAPACITANCE Function Keys. Capacitance 
measurement parameters are selected fcv display on the rig^ 
section of the instrument display using the dual-function 
CAPACITANCE keys. Only one capacitance display ftmc- 
tkm is active at a time. In the unshifted mode, eit^ tiie 
parallel capacitance (Cp) or series capacitance (Cs) maybe 
s el ected for display-IfthftCsmodg is s e l rr t ftdvriiile the LOSS 
display indicates conductance (G) or parallel resi^ance 
(Rp), the series resistance (Rs) mode will automatical^ be 
displayed. In the shifted mode, the differmice between the 
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( 1 ) LOSS G/R key. 


(2) LOSS Q/D key. 


(3) CAPACITANCE Cp/AC key. 


(4) CAPACITANCE C*/A% key. 


In unshiftcd mode, sdccts conductance (G) of test specie 

on left section of the dispby. forces cs^pacdtance di^lay from series to paraUel 

mode. 

In shifted mode, selects scries or parallel resistance of test specimen to 

be displayed on left section of the display. 

In mode, selects quality factor (Q) of test specimen to be displayed 

on left section of the display. 

In shifted mode, selects dissipation factor (D) of test specimen to be displayed 
on left section of the display. 

In unshifted mode, selects paraUel c^dtance (Cp) of t^ spedmen to be 
displayed on ri^ section of instrument display, forces the loss resistance 

disoUv into the parallel resistance mode (Rp). j j 

In mode, selects the difference between the 

^^ritancK to bc displayed on right section of the i^play. 

In unshifted mode, selects scries capadtance (Cs) of tc^ spedmCT to ^ 
dispUyed on right section of display, forces the loss resistance and conductance 

display into the series resistance mode (Rs). 

In shifted mode, selects the percentage difference between ^ n^urement 
and standard capadtance to bc displayed on right section of the display. 


(5) ZERO key. 


In unshifted mode, initiates automatic zeroing operation. 


Figure 3-2. Measurement Function Keys. 




















Sectioii3 


Operation 


parallel or series capacitance of the test q>ecimen and a 
reference standard can be selected for display. 

Thf ca par*? ^ prngramingH mtn the instrument 

wging ^cial function 2. The ^ue can be (flayed as a 
devi^on in capadtance (AC) or as a percentage (A%). 


3 . 12 . ZERO Kay. One of the most important measurement 
keys is the ZERO key. It is used to remove test terminal 
re^uals from the measurements, and is active at aH times. 
Tur ning shnuld bc perfc»med vdien die test level is changed, 
the test connecticm amfigur^ion is altered, or when <frs- 
played measurement data indicate significant parallel 
rapariraneft OT conductancc residuc. When the ZERO key is 
pressed, normal displ^ activity is halted, and a "Meter Zero” 
mfttaage is displayed One bar appears after this mrsMgr for 
each of the four ranges as the ranges are zeroed When 
zeroing has been cos^deted, the instniment display returns 
to its previous display mode. If the measaremenc range Is held 
(special functions 11 through 15) only the selected range will 
^zeroed 


3-13. BIAS Function Keys. Refer to Figure 3-3. The bias 
function keys of the BIAS ON, DST, ETCT, SWEEP, 
SETUP and PLOT keys. These keys enable the operator to 
eztemal or internal Uas voltage for di^ilay on 
the left section of the tn^tn iment display, to ai^ly the sc ie ^ed 
bias voltage CO Che test spedmen and to confine the internal 
bias sweep and plot modes. 

3-14. BIAS ON, INT And EXT Keys. The BIAS ON key 
is an alternate action key vdiich toggles on and off the eactenial 
or internal bias to thc Ccst spccunen. When the EXT key is 
pressed the measured value of the 1^ voltage is shown on 
the left section of the display. When the INT key is pressed 
the bias voltage setting is shown on the left section of the 
display. Inter^ bias voltage can be adjusted using the 
DATA ENTRY keypad 


3-15. SETUP Key. The SETUP key aUows access to sweep 
anrf plot paratn etcr functions vduch configure Che instrument 
to annotated plots of a series of measurements. The 
sweep parameter functions consist c^bias start, stop and step 
values. The plot parameter functions consist of the plot mode, 
X axis scale and Y axis scale selections. Refer to Table 3-4 
for a description of the sweep and plot i^rameter functions. 


all the parameter functions have been accessed or v^en any 
function key is pressed 

3-17. SWEEP Key. The SWEEP key enables the instru¬ 
ment to make a series of test spedmmi measurements based 
on the sweep parameter frmetions of the setup mode. Analog 
voltages proportional to measured values are availaUe at the 
rear-panel CAP, LOSS and BIAS outputs for connection to 
an X-Y recorder. When thc SWEEP key is pressed the active 
function is changed to internal bias and the internal bias 
supply is set to the start value. The insfnimenr will 
automatically increment the internal Uas voltage either the 
cakulated mintmum step size (500 points) or the 
selected Has step value, n4iichever is greater. The sweep win 
terminate a^ien the internal bias value readies thc bias stop 
value. Pressing the CLR key or attempting any numeric entry 
during a sweep will also terminate the sweep mode. 


NOTE 

BIAS ON must be entiled before the SWEEP mode 
is activated otherwise the bias voUt^ will not be 
tqffdied to the test ^>edmeru 


3-18. PLOT Key. The PLOT key is used to generate and 
transmit HPGL formatted data to a crmqiatible plotter con¬ 
nected to the IEEE-488 bos. The internal program of the 
instrument requires that the plotter bus address be set to 
address 30. The PLOT key is inactive viiiile another contrd- 
ler asserts remote-enable (REN) on the IEEE-488 interface 
or whea there is no sweep data available. Hie sweep data 
consists of bias, conductance and parallel capadtance meas¬ 
urements stored in memory during the swe^. The (dot 
paramfttftT fructioiis of the setup mode define the plot layout 
When the PLOT key is pressed the disj^y will contain die 
"Generating Plot Data” message wiiile sweep data is con¬ 
verted to HPGL format The data ynill be transmitted auto¬ 
matically to the plotter after the conversum is cmnplete. 


NOTE 

The ^otpanmieterfimctions of the SETUP mode can 
be changed and muldpk plots ge nerated from the 
same set of sweep data. A new SWEEP is required 
only when the sweep parameter functions are altered. 


3-16. When the SETUP key is pressed thc first sweep 
p ^r ^Tni-tftr faffed*^" IS (fisplayed. Required data is entered 
using the DATA ENTRY keypad. Pressing thc ENTER key 
vnthout niimftrical arg umcBts 'mil cause the next parameter 
function to be displayed. After the sweep parameters are 
the first plot parameter function is displayed. The 
plot parameter functions are menu-type functions. The 
various selections are accessed uang the SHIFT/SCROLL 
key. Pressing the ENTER key will cause the next parameter 
function to be displayed. The setup mode is terminated after 


3-19. Miscellaneous Function Keys. Refer to Figure 3- 
4 . The miscellaneous function keys consist of the SPCL, 
PRGM, STORE, RECALL, LCL/INIT and 
SHIFT/SCROLL keys. These keys enhance the basic opera¬ 
tion of the instrument. 

3-20. SPCL Key. A variety of special functions is i^ovided 
to extend the operation of the instrument to meet specific 
requirements. Selection of a special function is made using 
the SPCL key and the DATA ENTRY keypad. If the selected 


3-4 



Operation 


Sections 



ICE NETEK 


! 

0 

j 

o 


0 





\_ 1 

nisitou lEY A 

(i) 



(1) BIAS ON key. 

(2) INT/SWEEP key. 


(3) EXT/SETUP key. 


(4) PLOT key. 


Controls the of bias voltage to the TEST HI and DIFF HI connect ots 

from ^nthin tn . 

In the mode, selects internal bias as the active function. Also selects 

the internal bias soppfy as the bias source. 

In the shifted mode, initiates a sweep of the inter^ bias supply based on 

program setup values and records parallel capacitance (Cp), conductance (G), 
and Ria * measurements for plotting. 

In the unshifted mode, selects external bias measurement as the active function. 

Also selects the rear-panel EXT BIAS INPUT as the bias source. 

In the mode, initiates the setup sequence ^itoeby the operator is promptc< 

to enter values which determine internal bias sweep and plotting parameters. 

In the shifted mode, initiates sequence whereby instniment generates a plot 
from measured sweep values and transmits data to an HPGL conq}atible plotter. 


Figure 3-3. Bias Function Keys. 


spedal function involves a choice of variables , the d isplay can 
be scrcrfled to show the choices using the SHIFT/SCROLL 
key, and select using the ENTER key. 

3-21. PRGM, STORE And RECALL Keys. To eliminate 
the need for repeated, time-consuming control setups, up to 


99 front-panel setups may be stored in the instn im e nt for 
subsequent recall S^ps are identified by program numbers 
specified the PRGM key and the DATA ENTRY 
keypad. The current front-panel setup can be stored at the 
selected program location using the STORE key, the front- 
panel test setup stored at a selected location can be recalled 
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(1) SHIFT/SCROLL key. 

Changes funcdon of dual-function k^ and scrolls menu-style entry modes 
for sweep setup and some special functions. 

(2) SPCL/STORE key. 

In unshifted mode, selects special ftmcdon as active ftinction. 

In shifted mode, stores cnrrent front-panel setup at selected prc^ram inrartnn 

(3) PRGM/RECALL key. 

In unshifted mode, selects program location as active fimction. 

In shifted mode, recalls front-panel setup stored at selected program location. 

(4) LCUlNtTkey. 

Returns instrument to local front-panel control if remote enabled and local 
lockout bus state is inactive; otherwise, causes instrument to be set to initialized 


coa<htioos listed in Table 2-2. 


Rgure 3-4. Miscellaneous Function Keys. 


using the RECALL key. Pro^am location 99 is a recall-only 
location ^^lich contains the hurfaliyA conditions described in 
Table 2-L 

3-22. LCUINITKey. Thisk^isadual-fiinctionkey. Ifthe 

k)^ lockout bus State is not active, the instrument is returned 
to front-panel coiUroL If the REM, LSN and TLK bus status 
annunciators are ofi^ pressing the key resuhs in an inid^Uza- 


tion restart. All hinction values and measurement modes are 
set to the initialized conditions described in Table 2-1. 

3-23. SHIFT/SCROLL Key. The alternate action 
SHIFT/SCROLL key shifts the functi<ms of the imtnnngnf 
dual-function keys. When the LED in the SHOT key is 
lighted the next key i^essed will activate the shifted function 
designated in blue characters below the Imy. The SHIFT key 
is also used to scroll the instrument dis^day for parameter 
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(1) Numeric Entry Keys. 

(2) CLR key. 

(3) ENTER key. 


Provide a rneans to enter numeric values with unit selections apprqjriate 
for the selected function. 

Clears errors and SRQ and restores previous display. Also clears previous 
from averaging filter buffer and initiates a new average. 

Provides a means to enter numeric values expressed in units of volts^ pico> 
farads or micro-siemens \^ere appropriate for the selected fimction and in 
units f(^ SPCL and PRGM functions. 


Rgure 3-5. Data Entry Keypad. 


selection during some special functions and sweep setup 
fimctions. 

3-24. DATA ENTRY Keypad. The DATA ENTRY 
keypad enables the operator to enter numericai values fcv 
functions v^ch allow parameter selection. Refer to Figure 
3-5. The keypad is inactive for measurement functions. 
Operation of Ae DATA ENTRY keypad is conventional. As 
successive Higits are k^ed in, each appear in the right¬ 
most position on the di^lay, with any previous digits shi^d 
to the left. An apostrophe C) precedes the <%its to indicate 
ttiaf the displayed value has not yet been entered. The entry 
is completed by pressing the ENTER key or the appropriate 


unit key. Note that it is not necessary to enter any trailmg 
zeroes. Volt^ values may be eitfmred in terms of millivolts 
or volts. The V and mV keys may also be used to rescale 
internal bias voltage display. 

3-25. The CLR Key. The CLR key serves many functions. 
It is primarify used to recover from invalid emry and to 
restore normal operation after an error message is displayed. 
Pressing the CLR key will clear the error and then restore the 
previous display. The data entry process can then be 
resumed. Pressing the CLR key vriihe sweeping internal bias 
disables the sweep. The CLR key vrill also clear SRQ and 
erase previous data ftom the measuremeiU avera^ng filter 
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Operation 



(1) TEST HI connector 


(2) TEST LO connector 

(3) DIFF HI connector 


(4) DIFF LO connector 

(5) Ground connector 


Connects one teminal of measurement specimen to measurement circuit 
and supp^ DC bias to measurement spedmen. 

Connects one terminal measurement specimen to 1 MHz test source. 

Connects one terminal of reference standard to measurement circuit and 
supplies DC bias to reference standard. 

Connects one tenninal of reference standard to 1 MHz differential source. 
Provides a means of grounding mctemal devices and fixtures. 


(6) Line switch 


Switches line power on and off. 


Figure 3-6. Front Panel Connectors And Power Control. 


and begin a new average with subsequent measurements. 

3*26. Front Panel Connectors. Refer to Figure 3-6. The 
Model 7200 has four type BNC frcmt-panel connectors. The 
TEST HI and TEST 1^ connectors are used to connect the 
test spedmen or test fixture to the measurement circuits. The 
DIFF HI and DIFF LO connectors are used to connect a 
reference capacitance directly or through a test fixture to the 


measurement circuits for diffm’muial measurements. Bias 
voltage, if used, is applied to the TEST HI and DIFF HI 
connectors. The 1 MHz test signal is ^>plied to the TEST LO 
and DIFF LO connectors. 

3-27. Rear Panel Connectors. Refer to Figure 3-7. Three 
analog output connectors, an external iiq>ut connector, 
a power receptade, line voltage selector switches, and two 
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instHU icv k 


(1) IEEE-488 BUS connector. 

Provides a pjmtwrting mstniment into an automatic test system or 

to a personal con^)uter. 

(2) CAP connector. 

Provides an analog voltage proportional to measured parallel capacitance (Cp) 
for application to a recorder or analog plotter. 

(3) LOSS connector. 

Provides an analog voltage proportional to measured conductance (G) for 
applicatioa to a recorder or analog plotter. 

(4) BIAS connector. 

Provides an analog voltage proportional to measured Was volt^e for appHcation 
to a recorder or a^og plotter. 

(5) EXT BIAS fuse. 

Protects external Was circuit from overload. 

(6) EXT BIAS INPUT connector. 

Provides a coxmecting an external Was source to the instrument. 

(7) Line voltage selector switch. 

Provides a means to accommodate various ac supply vWtages. 

(8) Line fuse. 

Protects instrument power circuits from overload. 

(9) ac power receptacle. 

Used to connect the ac power cord to the instrument ac power circuits. 
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fuses are mounted on the rear-panel of the instrument 

3>28. The 489-611$ connector provides means for 
incorporating the instrument into an automatic test system. 
Bus operadon of the instrument is covered in paragraph 3-64. 

3-29. Three BNC-^pe ANALOG OUT connectors provide 
analog vc^agos ^haf are prc^rdonal to measurement values 
of parallel cs 4 )aG]tance, conductance, and bias. Since these 
voltages are proportioiial to measured values only, changing 
the ingrniment parameters to display confuted values does 
not affect the a^og outputs. 

3-30. The BNC-typc EXT BIAS INPUT connector provides 
means for cnnn« fiHng an external DC bias supply to the 
instnimenL External bias voltage of either polarity may be 
applied up to a maTrimiim of 200 volts. The control program 
will disconnect the external bias from the test specimen 
automatically if the measured value of the bias vintage ex¬ 
ceeds approximatety 200 volts. The bias circuit is protected 
1 ^ a 1/16 amp fuse adjacent to the connector. 

3-31. The ac power receptacle provides a means for connect¬ 
ing ac power to the instrument The ac power cord is supplied 
with the instrument. Line voltages of 100, 120, 220, or 240 
volts, ± 10% may be accommodated by actuating the Hne 
volta^ switches to the corresponding settings. The ac power 
dreoit is protected by a fuse below the ac power receptacle. 

3-32. LOCAL OPERATION. 

3^. Applying AC Power. Energize the instrument by 
setting the LINE switch to the ON position. The LINE 
indirato** vnll %ht, and the instrument will perform a short 
power-up TOiUine, consisting of the following: 

a. "Boonton Electronics" is displayed momentarily. 

b. "Program Code" with a six-digit firmware revision 
number is then displayed. 

c. Hie display is then restored to Che front panel setup 
vriiich was active at the time of power down. 

3-34. Selecting Measurement Modes. The parallel 
«> parifance (Cp), conductance (G) and external biu (EXT) 
modes are the primary measurement modes. The measure¬ 
ment of parallel cu padtaneg and omductance is achieved by 
iwmg phase sensitive dctectmrs. Each detectm* extracts from 
the the magnitude of the in-phase and 

quadrature components relative to the 1 MHz test level 
oscillator. The other functions in the CAPACITANCE and 
LOSS groups are calculated from the Cp and G values. Refer 
to Table 3-L Rear panel CAP, LOSS and BIAS analog 
outputs are available to monitor the detected parallel 
riipari t-gnrj» and omdutfance of the test specimen and the 


Table 3-1. Capacitance And Loss Formulas. 
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appUed bias voUage. 

3-35. In normal operation the measurement drcuits are 
auto-ranged for resdbition. The optimum meas¬ 

urement range is determined by the control program based 
on the greater of the Cp and G values. Manual override of 
the auto-range selection can be achieved using special func¬ 
tions 11 through 15. 

3-36. Zeroing the InstrumenL For accurate measure¬ 
ments, the tp ^mient should be zeroed whenever the test 

level is changed, the test connectioa configuration is altered, 

or when ^splayed data mdicate s i gnific a nt C or G residue. 
To zero the instrument, proceed as follows: 

a. If a test fixture and/or cables are to be used with the 
test specimen, connect the test fixture and/or cables to the 
instrument front-panel connectors. 

b. Press the ZERO key, a "Meter Zero" message mil 
be displayed, and one bar will appear after this message for 

each of the four ranges as they are zeroed. When zermng has 

been completed, the display will return to normal operation. 

3^7. Extending Instrument Measurement Range. The 
wide zeroing range (approximately 2000 pF) of the instru¬ 
ment provides a means for effectively increasiiig the meas¬ 
urement range. For example, if the instrument was zeroed 
with a 2000 pF capacitance applied to the test connectors, 
subsequent measurements made after this capacitor was 
removed would be effectively shifted by 2000 pF. Therefore, 
the measurement range becomes 0 to 4000 pF rather than 
± 2000 pF. To extend the instrument range in this manner, 
proceed as follows: 

a. Connect the capadtance value by which the range is 

to be shifted to the test connectors. 

b. Zero the instnunent. 

c. Remove the test spedmen from the test connectors. 

d. Record the displayed capadtance as a standar d 

value special function 2. 

e. Enable the AC mode. 

3-38. Applying External Bias. The external bias supply 
can be set to any value up to a maximum of 200 volts. Either 
polarity may be used. To apply external bias to the test 
^ledmen, proceed as follows: 

a. the external bias source to the rear-panel 
EXT BIAS INPUT connector. 

b. Turn on the external bias source and adjust its out- 



Flgure 3-8. External Pulse Bias Circuitry, 

put voltage to the desired value. 

c. Press the BIAS EXT key. The LED in the k^will 
light, and the measured value of the applied external bias will 

be shown on the left section of the instrument display. 

d. To ^ly the external bias to the test spedmen, press 
the BIAS ON k^. The bi-cobr BIAS ON indicator will light 

to indicate that 1^ voltage is bang aii^Ued to the TEST HI 

and DEFF HI connectors. If the absolute value of the bias 
voltage is 20 volts or less, the BIAS ON indi ca tor will light 
green; if the bias vdtage is above 20 volts, it will HgM red. 

NOTE 

if the measured value of the external bias exceeds 
approcdmately 200 volts, the instrument irdermd pro¬ 
-am will automaticdlfy disconnect the bias vrdtape 
from the TEST HI and DIFF HI connectors and 
"Error Twill be displayed. 

3-39. Applying Puls* Bias. The internal bias circuits of 
the instrument are bypassed for the 1 MHz test signal; there¬ 
fore, they are Unsuitable for application of fast pukes to bias 
the test specimen. Pulse slew rates foster than 20 V/ms may 
niacff overshoot and lining of the external Inas ci r co i t f y. As 
a result, pulse bias with foster tranation times must be applied 
through circuitry external to the instnimcnL A simple arran¬ 
gement is shown in Figure 3-8. If the impedance of the puke 
transformer secmidary is kw relative to Rl, the test specim en 
may be considered to be in scries with a reastance of 
R1R2/(R1 + R2) ohms. This value need only be less than 
approximately 1/5 the reactance of the test capaataacc at 1 
MHz in order to have little influence on the phase deCectom 
in the instrument. The ratio of the two resistors and their 
absolute values depend on the pulse transformer and its 
load requirements, as well as the nature and m^- 

nitude of the pulse needed for bias. Additional information 
about pulse bias is avaiable in Application Note IM-001. For 
a copy of the application note, contact Boonton Electronics. 
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Cm (p F) 



1 + jeaCr 


Cm/C 


Icos^l-<uCZo(sin^l)r[1 +I 


*»Cr(cos^I) + (siny5l) r/Zb 
cos /9I' cuCZo (sin ^1) 


Where: 

measured Capacitance 
actual Capacitance 

electricai length of each line, in degrees 

characteristic impedance of the line In ohms ^ . 

equivaient resi^ance of the insfrument from the TEST HI terminal to ground, ^ shown beiow: 

140 ohms 2pF range 

7 ohms 20 pF range 

1 ohm 200pF and above 


Figure 3-9. Capacitance Correction Curves. 
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3_40. Applying Internal Bias. Internal bias is program¬ 
mable to ± KX) volts in increments of 1 millivolt for values of 
20 volts or less, and in 10 millivolt increments for values above 
20 volts. To program and aK)ly internal bias, proceed as 
follows: 


a. Press the INT key. The LED in the keywill light, and 

the current value of the internal bias will be shown cm the left 
section of the display. 


b. If the displayed value is not the desired internal bias 

value, key in the d^ed value using the DATA ENTRY 
keypad. The left section of the display will then show the 
programmed internal bias. 


Cm = 


1 


1-(XL/Xa) 


Or, if the true capadtancc is required: 


a = 


1 + tt)^LCm 1 + PCL/Xcm) 

Where L - the combined series inductance of both lengths 
of m nnccting cables and the inductance of the sample 
(generally small with respect to the caMe md nc taiu » . As an 
^)pn^imation, the of RG-58AJ cable with shidds 

strapped at both ends) is about 0.091 uH/ft. 


NOTE 

The instniment control progm wiS automadcalfy 
round off entries to the proper increment. For example, 
if a bias voltage iff29.124 volts iskeyedin, the intemai 
program vfUl round off die entry to 29.12 volts. 

c. To apply the programmed intemai bias to the TEST 

HI and DDFF HI connectors, i^css the BIAS ON key. The 
bi-color BIAS ON indicator will light green if the absolute 

value of the bias voltage is 20 volts or less, and it win light red 

if the absolute value is above 20 volts. 

3-41. Remote Measurements And Cable Effect- 
Remote measurement of capacitance over coaxial cab^ 
introduces a measurement error owing to the tra n smis s ion 
line effect on the test voltage transmitted from the TEST LO 
connector, and on the received current at the TEST HI 
connector. For the Model 7200, the error is posi^e 
magnitude is shown in Figure 3-9 as a function of the 
measured Cm, and cable length,^! The error is 

not shown for the lowest range for 12-foot lengths of cable, 
as the capacitive loading of the TEST HI connector is exces¬ 
sive for lengths of RG- 58/U cable greater than about 6.5 fe^ 
It is imperative that the shields at both ends of the coaidal 
cables be tied together with a low-rcsistai^, low-inductance 
strap for the correction curves and equation to be valid. 


3-44. Programming Special FuncUona. The Model 7200 
many and fimctums that ate accessed through 

use of the SPCL key. Special functions involve both operating 

features calibraticm functions. Some of the 

special functions allow the operator to modify the parameter 
value or state; others select a specific value or state uiicn 
invoked. To prevent accidental loss of calibration data, access 

to special functions 50 throu^ 59 can be restricted using the 

ip Tfitial option/test switdL Table 3-2 lists the availaMe spe¬ 
cial functions a detailed description of which is provided in 
paragraphs 3-45 through 3-59. 

NOTE 

If the selected special function nunUrer is out of range, 

or not accessible Vie display will ^ujw "Error 03". 
Access to special functions 1 throufft 9 is only per¬ 
mitted from Vie front panel and ^edal functions 1 
throu^ 6,8 and 9 are accessedbyfunetion mnemonic 
over the IEEE-488 interface, ff the selected ^edal 
Junction access is restricted by the intental optionlte^ 
switch setting the display wiU show "Error 18". 

3-45. Selecting Test Level. The level of the 1 MHz test 
cignai is programmable. Test levels oi 15, 30, 50, or 100 
millivolts may be programmed using special fiinction L To 
program a test level, jwocced as follows: 


3-42. When r aimlating the electrical length in degrees of 

each of the two cables, it is necessary to know the velocity 

propagation of the cable at 1 MHz. Samples of RG-58/U 
cable vriiich were tested in^cate a relative velocity of 63.5%. 
The of the same cable measured 57.5 ohms at 1 

MHz. 


a. Enter special function L The display will show Test 

I^cvcl" followed by the currently active value. 

b. If the displayed test level vahic is not the desired 
value, key in the desired test level value and unit using the 
DATA ENTRY keypad. 


3-43. For short lengths of cable, a reasonable correction may 

be based on the effect of the scries inductance of both lengths 
of cable. The measured capacitance, Cm. of a spedmen will 
rfiffpT frnm the true capacitance, Ct, and the error will be seen 
as an apparent increase in capadtancc in accordance with the 
following npression: 


NOTE 

Test level values of 15, 3ft Jft and 100 mdffvoto am 

theonlyvaMtestlevels.Ifanyoihervalueiskeyedin, 

the instrument progttm will auUmatiealfy a^ust Vie 
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seUctum to the nearest test level. 

3-46. Selecting Capacitance Standard. To program the 
value of the capacitance standard used for AC or A% 
capacitance measurements and for calibratioQ of the instru* 
ment, proceed as follows: 

a. Enter special function 2. The display will show ”C 
Standard" folkn^ by the currently active capacitance stand* 
ard value. 

b. If the displayed value is not the desired value, key in 
the desired value throu^ the DATA ENTRY keypad. If the 


Operation 

capacitance standard value entry is out of range, the display 
show "Error 05". 

c. Ifthe desired capacitance standard value is the same 
as the capacitance measurement, there is a short-cut method 
for entering the value. Simply depress the pF key alone in the 
DATA ENTRY keypad. The current value of the 
capacitance measurmnent will be copied to the capacitance 
standard value in a single keystroke. 

3-47. Selecting Conductance Standard. To program 
the value of the conductance standard used for calRnration of 
the instrument, proceed as follows: 


Table 3-2. Special Function Codes. 


Extended Functions: 

Service 

Request Functions: 

0 

Execute special functions 10.20,30 and 40 

40 

Nomial operation, free-mn display 

1 

Test Level display and entry 

41 

Disable SRQ Interrupt 

2 

Capacitance Standard disi^y and entry 

42 

Enable SRQ kiterru^ 

3 

Conductance Standard display and entry 

43 

SRQ mask when an error occurs 

4 

Capacitance Low Limit dls^y and entry 

44 

Set SRQ mask and update display 

5 

Capacitance High Limit display and ent^ 


when measurement filter Is co^ete 

6 

IEEE-488 Bus Address display and entry 

45 

Set SRQ mask when capacitance 

7 

End-af-8tring character display and sei^ion 


measurement Is within the high and 

8 

Capacitance uncertainty display 


low limit settings 

9 

Corxluctance uncertain^ display 

46 

Set SRQ mask when capacitance 
measurement exceeds the high or 

Measurement Ranging Functions: 


low limit settings 

10 

Automatic selection 

47 

Set SRQ mask when zero or 

11 

Hold current measurement range 


calibration is complete 

12 

Set and hold 2.000 pF / 2.00 ft S range 

48 

Set SRQ mask when sweep is 

13 

Set and hold 20.00 pF / 20.0range 


complete 

14 

Set£md hold 200.0 pF/200/fS range 

Automatic Calibration and Test Functions: 

15 

Set and hold 2000 pF / 2000/<S range 




(Ace«s» to thoM function* con b* restricted by setting the 

internal Bias Ranging Functions: 

internal option switch position 6 to th* open position.) 

20 

Automatic selection 

50 

Calibrate detector offset 

21 

Hold current bias range 

51 

Calibrate external bias offset 

22 

Set and hold 20.000 V range 

52 

Calibrate Internal bias off^ 

23 

Set and hold 100.00 V range 

53 

Calibrate full-scale capacitance 

Measurement Rlter Functions: 

54 

55 

Calibrate conductance phase 

Display internal temperature 

30 

Automatic selection 

56 

Display amplitude error due to 

31 

Filter length » 1 measurement, no average 


temperature influence 

32 

Filter length - 2 measurements 

57 

Disi^ay phase error due to 

33 

Filter length « 5 measurements 


tempe^re influence 

34 

Fitter length « 10 measurements 

58 

Initialize instrument and erase 

35 

Fitter length » 20 measurements 


all program locations 

36 

Filter length - 50 measurements 

59 

initialize software calibration 

37 

FBter length - 100 measurements 


variables 

38 

Fitter length « 200 measurements 



39 

Filter length = 500 measurements 
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a. Fn t^^ special function 3. The display will show "G 
Standard* followed by the currently active conductance 
standard value. 

b. If the displayed value is not the dcarcd value, key in 
the dewed value through the DATA ENTRY keypad. If the 

standard value entry is out of range, the display 
will show "&Tor 06". 

3-48. Selecting Capacitance High and Low Limits. 
Spedal functions 4 and 5 provide a convenient means for 
determining wliich test specimens of a batch being tested fall 
outade acceptable capadtanoc limits. Any capac^cc Iot 

limit whhin the instrumeiU range canbe seized using special 

fiin rrinii 4; any capacitance hig^ Umit vnthin the mstrunmin 
range can be selected using ^)ecial function 5. When limit 
values have been set, measured capacitance values that arc 
over-hmit will cause a bracketed, upward-pointing arrow to 
appear in the right section of the display in place of the 
normal measured value. Similarly, measured capacitance 
values that are under-limit will cause a bracketed, downward¬ 
pointing arrow to appear. To select and set Umit values, 
proceed as follows: 

a. Fnf^r <pegial function 4. The instrument display will 
show "Low limit" followed by the capacitance low-Un^ 
value. If the displayed value ts not the d^ed value, key in 
the desired low-limit value through the DATA ENTRY 

keypad. If the selected capacitance low limit is out of range, 

the display will show "Error OT. 

b. special function 5, The instrument display will 
show *High Limit" followed by the capacitance high-linut 
value. If the displayed value is not the desired value, key in 
the desired high-Umit value through the DATA ENTRY 
keypad. If the selected capacitance high limit is out of range, 
the display will show "Error 08". 

3-49. Selecting IEEE-488 Bus Address. Entering SPCL 
6 enables display and emry of the IEEE-488 bus address 
asagned to the instrument. Any value from 0 to 30 may be 
entered. In applications using the PLOT function, address 30 
is reserved for the plotter and should not be used for the 


If the selected address is out of range, the display 
will show "Error 09". 

3-50. Selecting End-of-string Character. Entering 
SPCL 7 enables (bsplay and selection of end-of-string char¬ 
acters for IEEE-488bus operation. This function can only he 
accessed from the front panel When the spedal fmetion is 
entered, the display will show the current end-of-string sclec- 
tion. If another selection is required, press the 
SHIFT/SCROLL key to scroll to the di^ed selection and 
press any function key or the ENTER key to emt. Refer to 
Table 3-3 for end-of-string character choices. 

3-5L Selecting Capacitance Uncertainty Display. 
Spedal function 8 provides a convenient means for display¬ 
ing the worst-case uncertahUy of the capadtance measme- 
ment. The complete specified accuracy, including 
temperature influence, is calculated and displayed along with 
the actual capacitance measurement. To select the 
capadtance uncertainty display mode, proceed as follows: 

a. Enter special function 8. The instrument display will 
show the capadtance measurement value on the left half of 
the display followed by the calculated worst-case uncer^^ 
on the right half of the display. No loss or bias information is 
displayed in this mode. To dear the mode simply depress any 
function key. 

3-52. Selecting Conductance Uncertainty Display. 
Spedal function 9 provides a convenient means for chsplay- 
ing the worst-case uncertainty of the conductance measme- 
ment. Like the spedal function 8, the complete specified 
accuracy, including temperature influence, is calculated and 
displayed along with the actual ccmductance measurement 
To select the conductance uncertainty display mode, proceed 
as follows: 

a. Enter spedal function 9,The instnuncht chsplay will 
show the conductance measurement value on the left half of 
the display followed by the calculated worst-case uncertainty 
on the right half of the display. No capadtance measurement 
is displayed while this mode is active. To clear the mode 
simply depress any function key. 


Table 3-3. End-of-strIng Character Selections. 


Display Message (SPCL 7) 

Listen Termination 

Talk Termination 

End Of String CUCL 

End Of String C/CL 

End Of String C/C 

End Of String L/L 

End Of String EO! 

CR and LF or EOl 
CRorEOI 

CR or EOl 

LForEOi 

EOl 

CR and LF and EOl 

CR and LF and EOl 

CRand EOl 

LFand EOl 

EOl 
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3-53. Selecting Measurement Ranges. Special func- 
dons 11 through 15 select and hold various measurement 
ranges. Entering SPCL 10 selects automatic ranging, and 
entering SPCL11 hdds the current mstroment range. Enter¬ 
ing SPCL 12,13,14, or 15 sets and holds the respective 2,20, 
200, or 2000 ^ffiS measurement range. Note that special 
function 10 is alra executed automatically v4ien SPCL 0 is 
If a qvirifig rang^ is select^ and the measurement 
value is overnu^ed, instrument (fi^Uiy wiH show a brack¬ 

eted, upward-pointing arrow in place of the normal numeri¬ 
cal value. Also if the ZERO key is pressed, only the selected 
range is zmoed. 

3-54. Selecting Internal Bias Ranges. Special functions 
21 through 23 select and hdd various internal bias ranges. 
I gfltft4ng SPCL 20 enables automatic bias range selection; 
this special function is also executed automatically when 
SPCL 0 is entered. Entering SPCL 21 holds the current 
internal bias range. Entering SPCL 22 or 23 will set and hold 

the respective 20 or 100 volt internal bias range. When the 20 

volt range is held. Has voltage entries greater than 20 volts 
are not permitted and will cause "Error 01" to be displayed. 

3-55, Selecting Measurement Filter Lengths. The in¬ 


strument can average a number of measurements, ranging 
from 1 to 500, to provide a more stable measurement display. 
The number of measurements averaged for each di^}lay 
update is a function of filter length. The dunce of filter length 
involves a compromise between stability and measurement 
^Teed. Generally, the longer the filter length, the more stable 
the measurement readings; however, the measurement time 
directly with filter len gth. Filter length is selectable 
s p^.ri »l functions 31 throng 39. Enten ug SPCL 30 
enables automatic selection; this spedal fu n c ti on is also ex¬ 
ecuted automatically when SPCL 0 is e n te r ed. Entering 
SPCL 31 selects one measurement per dis{4ay (no avmag- 
ing). Entering any special function frcmi SPCL 32 through 
SPCL 39 selects one of the available measurement filter 
lengths, ranging from 2 to 500 measurements per average. In 
the automatic mode (SPCL 30), the measurement filter selec¬ 
tion is determined the test level selection. For test levels 
of 100,50.30 and 15 mV the respective filter l e n g th s are 5, 
10,20 and 50 measurements per average. 

3-56. Selecting SRQ Interrupt Modes. Special functions 
40 through 48 enable the operator to configure the SRQ 
intcmipt mode for IEEE-488 bus operation. The data in the 
serial poll status byte is detennincd by the SRQ mask con- 
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figuration. Entering SPCX 40 selects nonnM with 

aB Tpa<^ bks inactiw and SRQ interruirt disabled. This spe¬ 
cial function is executed automatically when SPCL 0 is 

entered. Entering SI<X 41 disaJ)les the SRQ intcrro 

ing mask bits unchanged; entering SPCL 42 enables tto SRQ 

imerrupt The remaining special functions set the SRQ 

for spcc^ operating con^tms. Refer to Paragraph 3-73 for 
further information on using service request. 

3-57. Selecting Automatic Calibration Modes. These 
spedal functions are used for automatic caHbration and are 
not 11 in normal (^leration. 

3 - 58 . Selecting Temperature Display Modes. 
Measurement values vriU be influenced by temperature, af¬ 
fecting accuracy. The instrument has a built-in temperature 
sensor to measure internal temperature. Special function 55 
may be executed to obtain a display of this temperature, and 
special functions 56 and 57 may be executed to oljain a 
dispUy of amplitude error and phase error, respectively, due 
to temperature influence. 

3-59 Selecting Memory Inilislizstlon Functions. 

Entering SPCL 58 tniriali7.es the instrument and erases all 
program locations. Entering SPCL 59 sets «ftwe cal^- 
tion variables to nominal values in preparation for rccalibra- 
tion of the instrument. 

CAUTION 

Selectingspecialjuncdon 59 sets calibration variables 
to nominal and places the instrument m an un- 
caUbrated comhtion. Recalibradon of the mstmment 
is the onfy method (^restoring calibration data. Use 
of this function is only recommended during repair 
andrecaSbration <^the mstmment See paraffoph 3-62 
for instructions on how to restrict access to this func¬ 
tion. 

3-60. Store And Recall Program Operation. The 
Model 7200 can store up to 99 dbtiacl front-panel setups m 
nonvolatile memory. To select a panel setup for storage or 
recall, proceed as follows: 

a. Press the PRGM key. the instrument thsplay wili 
show "prgm" followed by the active program number, 

b S f th e de-^i^ ^-d program number using the DATA 
entry keypad, and press the ENTER key. If the selected 
program number is out of range the display wiU show "Error 

04". 

c. To store the current panel setup as the selected 
program, press the STORE key. To recaU a previously stored 
program with the selected program number from memory, 
^ess the RECALL key. Program location 99 is a recall-only 
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location that fy^nfains the preset conditions listed in Table 

2- L Attempting to store at location 99 will result in "Error 11 
being displayed 

3 - 61 . Using The SETUP Mode. The Model 7200 is 

capable of a series of test specimen measurements as 

bias is varied and formatting the test data for transmission to 

a HPGL compatible plotter. Figure 3-10 shows a typical plot. 
The SETUP mode is divided into sweep parameter functions 
and plot parameter functions. The sweep parameter func¬ 
tions allow the operator to configure the sweep range and 
increment values. The plot parameter functions aUow the 
operator to format a plot of the sweep data. To select the 
sweep parameter functions proceed as follows: 

a. Press the SETUP key. the instrument display will 

show "Bias Start" followed by 4e voltage value defining the 

beginning of the sweep. 

b. Select the desiredbias start volta^ using the DATA 
ENTRY keypad. If the selected volta^ is out of range the 
display will show "Error 09". 

c. After the desired voltage is selected, press the 
enter key. The instrument display will show "Bias Stop 
foUowcd by the voltage value defining the end of the sweep. 

d. Select the desired bias stop voltage using the DATA 
ENTRY keypad. If the seieacd voltage is out of range the 
display will show "Error 09". 

c. After the desired voltage is selected, press the 
enter key. The display vrill show *^a$ Step 

followed by the voltage value definin g the size of the sweep 
increment. 

f. Select the desired step voltage using the DA"^ 
ENTRY keypad. If the selected voltage is out of range the 
display will show "Error 09". 

3-62. The portion of the SETUP mode that selc^ the swee^ 

parameters is now complete. In order for the mstrom^ to 

derate plots using the PLOT kcy.thcpk)tparam^fuiK^ 

dons of the SETUP mode should be selected as fcdlows: 

a. After the desired bias step voltage is selected. Iff 

the ENTER key. The instrument display will show one of the 
plot mode menus shown below. 

"Plot Cp vs Bias" 

"Plot Cs vs Bias" 

"Plot ACp vs Bias" 

"Plot ACs vs Bias" 

"Plot A%p vs Bias" 

"Plot A%svs Bias" 

"Plot G vs Bias" 
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"Rot Rp VS Bias” 

"Plot Rs vs Bias” 

"Plot 0 vs Bias" 

“Plot Q vs Bias" 

b. Scroll to the desired plot mode using the 
SHIFT/SCROLL key and make the selection using the 
ENTER key. 

c. After the ENTER key is pressed. The mjtfnwnftnf 

display will show cme of the following X axis modes: 


"Auto Scale X Axis" 

"Decade Scale X Axis” 

"FuU Scale X Axis” 

"Fixed Scale X Axis” 

d. SaoU to the desired X axis scale mode using the 
SHIFT/SCROLL key and make the selection using the 
ENTER key. 

e. After the ENTER key is pressed. The instrument 
display will show one of the following Y axis scale modes: 


Table 3-4. SETUP Mode Selections. 


Sweep Parameter Functions 



Display Message 

Description 

Argument Range 

Bus Mnemonic 

Bias Start 0.000 V 

Start value for internal bias sweep 

± 100 volts 

XL 

Bias Stop 0.000 V 

Stop value for Internal bias sweep 

±100 volts 

XR 

Bias Step 0.000 V 

Step size value for Internal bias sweep 

0 to 100 volts 

XS 

Plot Parameter Functions 



Display Message 

Description 

Argument Code 

Bus Mnemonic 

Plot Mode Menu Selection 


PM 

PlotCp vs Bias 

parallel capacitance vs bias 

0 


Plot Cs vs Bias 

series capacitance vs bias 

1 


Plot ACp vs Bias 

relative parallel capacitance (AC) vs bias 

2 


Plot ACs vs Bias 

relative series capacitance vs bias 

3 


Rot A%p vs Bias 

relative parallel capacltance(A%) vs bias 

4 


Plot A%s vs Bias 

relative series caproltance (A%) vs bias 

5 


Rot G vs Bias 

conductance vs bias 

6 


Rot Rp vs Bias 

parallel resistance vs bias 

7 


Plot Rs vs Bias 

series resistance vs bias 

8 


Rot D vs Bias 

dissipation factor vs bias 

9 


Plot Q vs Bias 

quality factor vs bias 

10 


X Axis Menu Selection 
Auto Scale X Axis 

scale X axis to fill 100% of axis with data 

0 

XA 

Decade Scale X Axis 

scale X axis to next available decade value 

1 


FuU Scale X Axis 

scale X axis to full range of bias supply 

2 


Fixed Scale X Axis 

hold X axis scale at previous value 
for rrujltiple data plots on the same grid 

3 


Y Axis Menu Selection 
Auto Scale Y Axis 

scale Y axis to fill > 80% of axis with data 

0 

YA 

Decade Scale Y Axis 

scale Y axis to next avaUable decade value 

1 


FuU Scale YAxis 

scale Y axis to full range of measurement 

2 


Fixed Scale Y Axis 

hold Y axis scale at previous value 
for multiple data plots on the same grid 

3 
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"Auto Scale Y Axis" 

"Decade Scale Y Axis" 

"FuU Scale YAxis^' 

"Fixed Scale Y Axis" 

g. Scroll to the desired Y axis scale mode using the 
SHIFT/SCROLL key and make the selection using the 
ENTER key. 

3-d3. The portion of the SETUP mode that determines the 
plot paraxEusters is now complete. The SETUP mode is auto- 
matically terminated after the last plot parameter mode is 
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selected. 

3-64. Setting The Option/Test Switch. The internal op- 
don/test switch provi^ a means of optional con¬ 

figurations and executing test functions. Gaming access to the 
switch requires tiie top cover be removed. The op- 
tion/test switch consists of e^ separate switches. Table 3-5 
lists the individual switdies uid th^ functions. Switdr posi¬ 
tions 1 through 4 are recognized on power-iq) and i^ien the 
LCXyiNTT key is pressed. Switch positions S and 6 are recog¬ 
nized immediately. 


Table 3-5. Option/Test Switch Selections. 



Factory settings 



nonoDD 

000000 

000000 

000000 

000000 


Reserved 

Access to special functions 50 - 59 restricted 
Lamp test mode enabled 
Nominal phase calibration mode enabled 
Phase detector linearity test mode enabled 
Keyboard test mode enabled 

DAC test mode enabled 

Erase memory (SPCL 58) and set all calibration values to nominal 
(SPCL 59) at power-up and when the INIT/LCL key is pressed 
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3>65. Error Mossages. If invalid data entries are at* 
tempted during programming of the instrumem, an error 
message wiU be displayed in the ^^jlkablc display section. 
The error mp^sagf consists <rf "Error" followed by an error 
code number. Error codes are defined in Table 3-6. 

3-66. IEEE-488 BUS OPERATION. 

3_57, GeneraL All front-panel controls, with the exception 
of the UNE switch, UX/INTT key, PU)T key and cnd^^ 

string selection (SPCL 7) can be programmed from the 
IEEE-488 bus. To operate the inst ru men t using the IEEE- 
488 bus, first program the instrument as follows: 

a. Enter the bus address assigned to the instrument 
iKing sperial function 6. Refer to paragra^di 3-49. 

b. Set the end-of-string charactcr(s) using special func¬ 
tion 7. Refer to paragraph 3-50, 

3-68. Entering Remote Mode. The Model 7200 is placed 
in the remote state by addressing it as a listener with remote 
enable (REN) true. In the remote state, the keyboard is 

disabled, except for the LCiyiNrr key and the UNE switch, 

and the REM annundator is illuminated. 

3-69. Returning To Local Mode. The instrument may be 
returned to local mode as follows: 

a. The LCL/INIT key is pressed, provirfing that local 


lockout (1X0) is not active. 

b. The go-to-local (GTL) bus command is sent. 

c. Remote enable (REN) is set false. 

NOTE 

The instrument must be placed in th€ remote stated it 

is to respond to data messt^es. 

3-70. Talk Oparation. The instrument may be addressed as 
a without regard for remoteAocal mode. When die 
tatVftf state is activated by the system controller, the Model 
7200 a string whidi is determined by the 

enrrent talk mode. One of seven (Efferent talk mo(^ is 
selected by the ^propriate mnemonic with the 

Model 7200 addressed as a listener. The selected mode will 
remain in effect until it is changed. The talk modes arc 
defined below. 

a. Talk Statua (TS). In the TS mode, the active error 
code of the instrument is returned. If there is no error, the 
value returned is zero. After the error code is returned the 
error is automatically cleared. 

b. Talk Value (TV). In the TV mode, the (airrcnt 
value of the most recently selected function is returned. All 
level values returned are expressed m volts and all resistance 
values returned are cjqpres^ in ohms. 


Table 3-6. Error Codes. 


01 

Internal bias entry out of range 

02 

External bias measurement out of range 

03 

Special function entry out of range 

04 

Program location entry out of range 

05 

Capacitance standard entry out of range 

06 

Corxluctatx^ standard enfry out of range 

07 

low limit entry out of range 

08 

Capackance high limit ent^ out of range 

09 

Sweep setup rr^e entry out of range 

10 

Address entry out of range 

11 

Recall only program 

12 

Requested program is empty 

13 

Illegal unit ^e^lon 

14 

Data keyboard entry overflow 

15 

Nonexistent IEEE-488 mnemonic 

16 

IEEE488 input buffer overflow 

17 

Illegal program string format 

18 

Special function entry is restricted 

1049 

Reserved 

50 

Calibration error full-scaie adjustment 
at 15 mV test level 


51 Calibration error fuD-$cale adjustment 
at 30 mV test level 

52 Calibration error full-scale adjustment 
at 50 mV test level 

53 Calibration error full-scale adjustment 

at 100 mV test level 

54 Calibration error phase adjustment 
at 15 mV test level 

55 Calibration error phase adjustment 
at 30 mV test level 

56 Calibration error phase adjustment 
at 50 mV test level 

57 Calibration error phase adjustment 
at 100 mV test level 

58 Calibration error external bias offset 

59 Calibration error: internal bias offset 
on 20 V range 

60 Calibration error lnterr«l bias offset 
on 100 V range 

61-99 Reserved 
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c. Talk Measure (TM). In the TM mode, the current 
mcaswrcnieiit values of parallel c^Muatancc (Cp), conduc¬ 
tance (G), and bias are returned. The numbers are separated 
by an ASCn V. Note that the bias value returned is strictly a 

Therefore, ^K^ien the INT functioa is enabled, 
the bias value returned is a measurement of the internal bias 

supply. Another advantage of the TM mode is that the values 
returned have extended resolution to20,000counts, full scale. 
The extended resolution is derived by averaging multiple A/D 
readings. R^er to paragraph 3-55 more infonmuion on 
setting the averaging filter. 

Example: "20.111,0342,25.23’' 

d. Talk Display (TD). In the TD mode, the front- 


panel displ^ contents are sent as a 20<haracter string. Con¬ 
trol characters such as t i ^ ^ ^ replaced with a 

space. 

Example: " 03uS 20.11pF" 


c. Talk Program (TP). In the TP mode, a com¬ 
pressed String of 169 ASCII characters, the last of 

which is an ASd ($), is returned. This string can be sent 
ba^ to the instrrnnftnt at any time to restore die exact state 
of all functions and settings which defined it, but it must be 


sfPt as a complete string without alteration. The string is 
the (t) rJia rac ter is encountered in the input 
buffer. While this form provides a compact and fost method 


to save and restore all settings, it bypasses much of the error 


Table 3-7. IEEE-488 Bus Mnemonics. 


Functions With Numerical Arguments: 

Miscellaneous Mnemonics: 

Bl 

Internal Bias (-100.00 to +100.00 V) 

2R 

Zero 

TL 

Test Level (IS, 30.50 and 100 mV) 

BO 

Bias on 

RC 

Capadtanca Standard (-8909 to +9999 pF) 

BX 

Bias off 

RG 

Conductance Standard (-9999 to +9999/tS) 

sw 

Bias sweep on 

SP 

Special Function (0 to 99) 

CL 

Clear errors and disable bias sweep 

PG 

Program Location (0 to 

RE 

Recall front panel setup from 

AO 

IEEE-488 Bus Address (0 to 30) 


program location 

LL 

Capacitance Low Limit (-6999 to +9999 pF) 

ST 

Store front panel setup to program 

HL 

Capacitance High Limit (-8999 to +9999 


location 

XL 

Bias Start (-100.00 to +100.00 V) 



XR 

Bias Stop (-100.00 to +100.00 V) 

Bus Command Mnemonics: 

XS 

BiasStep(0 to 100.00 V) 

TS 

Set talk mode to talk status byte 

PM 

Plot Mode Selection (0 to 10) 

TV 

Set talk mode to talk value of current 

XA 

X Axis Scale Selection (0 to 3) 

mpflsiiivimAnt 

YA 

Y Axis Scale Selection (0 to 3} 

TM 

Set talk mode to talk capacitance, 

Functions Without Numerical Arguments: 


corxiuctance, and bias measurement 
values 

Set talk mode to talk cun’ent display 

BE 

External Bias 

TD 

LG 

Loss, G 


contents 

LR 

Loss, R 

TP 

Set talk mode to talk current front 

LQ 

Loss, Q 


panel setup In stored program format 

LO 

Loss, D 

TG 

Set talk mode to talk ^ot graph \n 

CP 

Capacitance, Parallel 


HPGL format 

CS 

Capacitance, Series 

TC 

Set talk mo6e to talk calibration values 

DC 

Delta Capacitance 

ID 

Set talk mode to talk instrument 

DP 

Delta Percent 


identification 

CU 

Capacitance Uncertainty Display Mode 

IM 

Set immediate trigger mode (free-run) 

GU 

Conductance Uncertainty Display Mode 

WT 

Set wait-for4rigger mode 

Unit Mnemonics: 

TR 

BL 

Trigger a measurement 

Blank display and keyboard except for 

VO 

Volts 


bus legends 

MV 

Millivolts 

UD 

Update display and restore normal 

PF 

Picofarads 


display mode 

US 

Microsiemens 
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control and must be used with caution. 

f. Talk Plot Graph (TG). In the TG mode, plotter 
graph data is sent as a vari^le length string of ASCII char¬ 
acters in HPGL format This is the graph vAuch 
would be generated using the PLOT key. the ittsCru< 
ment is commanded to talk in this mo^ the di^Iay will 
contain the message "Generating Plot Data” while the sweep 
data is converted to HPGL format After conversion the 
entire talk buffer is returned. 

Example: •IN;SC-20,100,-20,100;SPl;PAO,0;"etc. 

g. Talk Idantification (ID). In the ID mode, the in" 
strument model and program code are sent as a string of 31 
ASCn characters. 

Example: "Model 7200 Program Code c90053r 

3-71. Program Function Mnemonics. Each front-panel 
function is 2 two-character rnn^tnQnt^ Program¬ 

ming a mnemonic, followed numeric arguments and 
values, if applicable, is analogous to ft-ont-paoel 

operation. Additionally, other program mn#.mnnifs are used 
for functions that are only appUcable in remote operadon. 
Program function mnemonics are described in Table 3*7. 

3-72. Triggered Operation. In the remote state, the 
Model7200 can be operi^ed m the immediate mode (I^ or 
the wait-for-triggered mode (WT). The immediate mode is 
the default condituxi and results in the immediate execution 
of received commands. The wak-for-trigger mode causes the 
wmciirion of data to be deferred until receipt of a trigger. 
After the WT mnemonic is received, subsequent measure¬ 
ments win be delayed until one of the following events occurs: 

a. A group-execute-trigger (GET) command is 
received. 

b. The TR mnemonic is interpreted in a received 
strii^ 


c. Any mnemonic following (IM) is interpreted. 

NOTE 

Go-to-kKol or device clear (DOL) restores the imme¬ 
diatemode, 

3-73. Using Service Request The Model 7200 can be 
configured to set service request (SRQ) true when it is in the 
remote nmde and a selected condition occurred. SRQ 
isfonss the bus controller that the special event has occurred. 
SRQ can be enabled or disabled SPCL 42 and 41, 
respectively. Events that generate service requests are 
selexted using SPCL 43 through SPCL 48. The system con¬ 
troller must be programmed to respond to SRQ true. When 
the instrument SRQ is set true, the instrument aq)ects the bus 
controBer to perform a poll to (tetmnine vriiich device 
on the bus set SRQ true and to determine vduU event has 
occurred. If the Model 7200 is the requesting device, it will 
respond to the serial poll with multiple lots that represent 
different status and errn^ These <v«riirinn< are 

individually maskable, as shown in Table 3*8. The SRQ line 
will be cleared fay ccmducting a serial poU, talking status using 
the talk status mode (TS), icending the clear o-wmiwaw/i (CL) 
or pushing the CXR key. 

3-74. Bus Command Responses. lEEH-488 bus com¬ 
mands are sent by the system controller to all devices on the 
bus (Universal Command Group) or to the addressed 
devices (Addressed Command Group). The reqxmses of the 
Model 7200 are listed in Table 3-9. 

3-75. Number formatting. Number formatting rules are as 
fdlows: 

a. Fixed or floating formats are accepted. 

b The optional + or - may precede the manriaea 
and/or the exponent 

c. The optional decimal point may appear at any posi- 


Table 3-8. Serial Poll Status Byte Decoding. 


Hex 

Decimal 

Description 

01 

01 

Status bit set when an error occurs 

02 

02 

Status bit set when the measurement fitter is complete 

04 

04 

Status bit set when the capacitance measurement is within the high and low limit settings 

08 

08 

Status bit set when the capacitance measurement is exceeds the high or low limit settings 

10 

16 

Status bit set when a zero or calibration routine is complete 

20 

32 

Status bit set when a sweep is complete 

40 

64 

Status bit set when a service request is generated 
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tioa within the mant^sa. A dedmal point in the exponent is 
ignored. 

d. The optional*^” for »q>onent may be upper or lower 
case. 

e. ASCn characters having hexadedmal values of 0 to 
23 and 25 to 2B are ignored. 

3-76. Data String Syntax. Program string syntax rules are 
as follows: 

a. The prc^amming sequence is in natural order, that 

is, a function fiist.fnnowftd by the argument 

and if applicable. 

b. ASCn characters having hexadedmal values of 0 to 
23 and 25 to 2B are ignored. The ASCII "$* (hexadecimal 24) 
is reserved. Lower case characters are automatically con¬ 
verted to upper case. 

c. A function mnemonic sent ^rithout a following argu¬ 
ment will tnalcft the specified function active. 

d. Multiple numeric entry values must be delimited 
a mnemonic. No delimiter is needed between mnemonics. 

e. The programmable data string may not exceed 512 
characters and may be terminated with LF, CR, and/or EOL 
Refer to paragraph 3-50. 

f. Interpretation of the data string does nothin until 
the end-of-string character(s) are received. 

g. If units are not spedfied for any argument, default 
units are automatically appended. The functions SPCL and 
PRGM always use default units. 
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h. If a unit mnemonic is sent without a corresponding 
argument, the di^Iay will reflect the change, provided that: 

1. The units are jq){vopriate to the active functioI^ 
otherwise, an error will result. 

2. The display is enabled. 

3. The display can accommodate the rescaled result 

L Errors are d^ected during interpretatkm. Tim oc¬ 
currence of an error will cause display of t^ error code if the 
display is mabled. The instrument will send SRQ if enabled 
by sped^ functions 42 and 43. Any subsequent arguments 
sent to the instrument will be ignored until the error is 
cleared. 

3-77. Selecting Menu Modes Using The Bus. Some of 
the SETUP mode functions are menu-^pe functions. Since 
there is no provision Cw gefnlling the menu selections via the 
bus interfile, selecth^ the detired mean mode is achieved 
by programming the fimction "*"**«**^ic followed by an ar¬ 
gument code. Table 3-4 lists the SETUP mode functions and 
the argument to select the various menu modes. 

3-78. Data String Examples. The fcdlowing are examples 
of typical programming strings in HP BASIC to set the 
inter^ bias voltage to 21S volts. All three examples achieve 
the same result 

a. OUTPUT 718; "BI2L50 VO" 

b. OUTPUT 718; "BI21.5E3 MV" 

c. OUTPUT 718; "BI 21.5000" 

(volts is assumed if unit is not ^cified.) 


Table 3-9. IEEE-488 Bus Command Responses. 


Commands 

instrument Response 

Universal Command Group: 

Device Clear (DCL) 

Gear errors 

Local Lockout (LLO) 

Disable LCUINIT key 

Serial PoU Enable (SPE) 

Sets talk mode for poll response 

Serial Pdt Disable (SPD) 

Restores talk mode before poll 

Addressed Command Group: 

Selective Device Gear (SOC) 

Same as device dear PCL) 

Go to Local (GTL) 

Sets LOCAL mode 

Group Execute Trigger (GET) 

Triggers a measurement 

All Others: 

Ignored 
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SECTION IV 

THEORY OF OPERATION 


4-1. Gensral Description. The Model 7200 is a versatile 
miCTOprocessor controlled Capadtance Meter useful for 
both semicoaductors and passive components. 
The internal LO MHz test signal is programmable between 
15 mV and 100 mV levels for optimum m easure men ts on 

different types of devices. A programmable internal DC bias 

supply is convenient for p^orming measurements while 
Inasing the device under test Measurements from 0 to 2000 
pF are provided in four decade ranges. A unique feature of 

the instrument is the atnlicy to measure and di^y the loss 

rtf the demcc in addition to the c a padtanc e value, 
values of a number of associated parameters are 
also displayed or recorded vriien required. A variable averag¬ 


ing frmedon enables setting optimum conditi o ns for settled 
reading or speed. Plot capability is fiiUy suppented and all 

functions of the unit are controllable over the standard IEEE- 

488 bus. An auttnnatic zermng function is incor¬ 

porated and the uiut may be easily calibrated using external 

ctanHarHs- 

4-2. The functional blocks of the model 7200 are shown m 
Figure 4-1. A 1 MHz crystal stabilized oscOlator supphes a 
ctgnal to provide the test level required at the &(»t panel 
ffiAaomng terminals. An amoliaiy output of the osdllator 
provides the reference signal fw the phase sensitive detector 
dreuitry on assembly A5AZ Amplifier assembly A5A3 in- 



Figure 4-1. Functional Block Diagram. 
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creases the output signal from the measuring terminals to an 
amplitude suitable for operation of the synchronous detec¬ 
tors. Ran^ circuits that provide four decade ranges are 
located on the amidifier assembly. The control assembly 

a microprocessor and associate d integ rated circuits 
^ch perform ^ logic functi ons and IEEE bus interface 

operation. The main mstrument power supi^ is also located 

on A3. The power transformer, AC power mpvt connector, 

and fuse are kxated on the rear pan^ The variable intern^ 

bias supply is mounted on the mother board assembly and is 
designated A4A1. The keyboard assembly A2A2 provides 

manual operation of the instrument and control over various 

dispUy options implemented by the vacuum fluorescent 
panel on display assembly A2. Analog outputs tor plotting 
operations are located on the rear panel mother PC 
board, A4, contains buffering and control circuitry for the 
bias supply but functions primarily as an interconnection 
assembly. 

4>3. Detailed Description. The basic measuring scheme of 
the 7200 is illustrated in Figure 4-2. 

4 -4. 1 MHz Oscillator Circuitry. The TTL output of 1 
MHz oscillator, Yl, mounted on A5A1 is filtered by a mulri- 
section low pass filter network to provi^ a sinusoidal agnal 
with low harmonic content. The output is sampled by diode, 
CR3, and fed to a Icvcfing dremt consisting of U2, Ql, Q2, 
and Q3. U2 amplifies the feedback signal to control the 
leveUng amplifier Q2 through the current limiting devices, Ql 
and Q3, Two resistive pi-section attenuators are employed to 
set the 1 MHz signal to the proper lest level The attenuator 
sections are activated as required by relays K1 and K2. The 
first s ection r^fiMgring of R12t R13. and R14 provides a 6 dB 
reduction when switched into the signal path. The second 
section (R18, R19, R20) provides 10 dB. ^ith proper switch¬ 
ing, overall attenuation values of 0, 6, 10, and 16 dB arc 
available. These are used to provide the selected test level of 
100, 50, 31.6, or 15.8 millivolts. Transformer T1 on A5 
provides a matched balanced output to drive the step-down 
transformer located at the measuring terminals of A2A3 on 
the front panel input assembly. A secondary output (at J4 on 
A5A1) preceding the attenuator sections supplies the refer¬ 
ence sig nal to drive the phase sensitive detector circuitry on 
assembly A5A2. Regulator U1 on the osdllator assembly 
provides the +5 volts required for the osdllator module. 

4-5. Front Panel Test Terminale. The step-down trans¬ 
former T1 on A2 provides an approximate 100:1 impedance 
ratio presenting an output impe^ce of approximately 0.25 
at the LO terminals on the front panel The 1 MHz 

signaU applied to the TEST and DIFF terminals are equal in 

amplitude and displaced in phase by 180 degrees. 

4-6. The output ri gnals from the Device Under Test (DLTp 
are present at the HI terminals which are connected in 
parallel They are fed to the amplifier circuits on A5A3. The 
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internal or external DC bias voltage is applied to the DUT at 
tenmnals. 

4-7. Input Ranging Circuitry. Preceding the amplifica¬ 
tion process, the output signal from the DUT is applied to 
one of four ranging dreuits consisting of an induct^ and a 
capadtive m a series rcsmiant configuration. Tim 

cuiT^ flowing through the resonant dreuit to ground is 
directly proportional to the susccptancc of the specimen at 
the test tenninals. The output for each range is devebped 
across the capacitive element of the LC combination. The 
function of the ranpng circuitry is to prowdc a common range 
of «gna1 foT each dccadc of capacitance. The 

rang^ networks are switdied into the signal path by me^ 
of reed relays (K1-K3) at the input side and diode switching 
networks at the output (CRS-CRll). The two highest rangK 
share a inductor, L5, on A5A3. IC3, therefore is 

activated on both the 200 pF and 2000 pF ranges. 

4-8. input Amplifier Circuitry. The output of the ranging 
is by diode clamps CR12 and CR13 at 

the input to the source follower. Q5. A feedback p^, Ql and 
Q2, provides amplification of the signal. The gain is set by 
resistors Rll and R13 to be about 11:1. CRM operates as a 
Mum ping device. R14 and R15 comprise a 10 dB resistive 

attenuator vdiich is switched into the signal path when the 100 

mV or 50 mV test level is in use. U1 on ASA3 is an analog 
switch device performing this fimetion. Q3 and Q4 arc a 
s irnilar fccdback pair for further ampUfication. 

4-9. The travels to A5A2 vAcrc a switchable 6 dB 
attenuator (R4, R5) provides a function similar to that noted 
above for the 10 dB unit It is switched into the signal on 

the31.6 mV and 100 mV ranges. U1 on A5A2 is the switching 
The purpose of the attenuator modules is to mini¬ 
mize the dynamic range required of the amplifier ch a i n at the 
various test level settings. Ql and Q2 in this section are an 
additional feedback pair gain block. A thermistor, RTl, 
been added in the feedback lo^ to provide compensation 
for variations with changes in ambient temperature. R25 

provides a coarse phase caliluatiou adjustment for the s ignal 
in the measurement channel 

4-10. Phase Sensitive Detection Circuitry. The 
amplified signal at this point is ready for synchronous detec¬ 
tion. A common is fed to the Y nqiuts of iitt^rnt^ 
dreuit multiplier devices U6 and U7. The 1 MHz synchroniz¬ 
ing applied to the X inputs of the two miil^rficrs are 

displaced m phase by 90 degrees. This results in the output 
of one multiplier being derived proportional to the 
capacitance of the DUT and the other output being rd^cd 
to the conduct^ncft. The primary quadrature phase relation¬ 
ship is accomplished by a capacitive divider nctwwk across 
the output of the balanced transformer T1 on A5A2. A coarse 
phase adjustment of the capacitance channe l is provided by 
variable resistor R45. A fine adjustment of the phase of the 
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Rgure 4-2. Measurement Circuits Block Diagram. 

rtawra rhannfil is provided by 8 dunng this process. 


reference in the conductance channel is provided by a 

voltage from the control dreoitry on A3. It is accomplished 
by variations of the bias (m varactors CRl and u k2 .. 

4-11. Both measurement channels have prowsion for frill 
by the variable resistors R30 and R33. XJ8 
and U9 are active two pole Bessel low-pass filter circuits to 
suppress leak-through of the 1 MHz reference sgnal and 

harmonic components. They have a nominal cut-off frequen¬ 
cy of 20 kHz. The analog DC outputs of these stages are sent 
to the measuring functions and to the rear panel 

anting output terminals. 

4-12. Measurement Zeroing Circuitry. A zeroing opera¬ 
tion is performed automatically upon activation of the front 
ZERO key or by executing special function 50. The 
OUT should not be connected to measurement terminals 


4-13. During the zeroing actmty, the EEPROM ZERO 
storage are cleared <rf pruxr values a nd a new set (rf 

values for both capacitance and loss is obtamed related to the 

residual readings at this time. Ihese values are stated and 
applied as ofect values to the detector dreoits during sub¬ 
sequent measurements. Operation df tins fu ncti o n with the 

ZERO key provides new zero values for the current tert level 

in use on all 4 measurement ranges. Special function 50 
derives new zero values on all 4 measurement ranges and ^ 
all 4 available test levels. 

4-14, D.C. Bias Circuitry. Bias is supplied to the DUT 
cither from an external source or the interaal var^le suj^Iy. 
The r^iulators for the internal hi^ ventage variable siqipfy 
are located on the mother PC board assei^ly, A4. The gain 
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of the booster amplifier, U18, for the r^vhUors is set the 
values of resistcna R15 and R17. Reed relays K1 and K2 
perform the INT/EXT and ON/OFF switd^ functions. 
The variable supply has an internal ranging operation 
wheret^ the full scale value is switched from +/-100voksto 
+/-20 volts. The divider consisting of R21 and R22 provides 
a 1:1 or 5:1 factor as controlled by analog switch U2 

on A4. Ihe final output bias value is amdtdled by an analog 
output Mgnnl from the \xas DAC (digitabtO'analog con> 
verter) on the input/oi^ut sectum of the ccMitrol assembly, 
A3. RIS and R20 on the mother board provide a low level 
signal proportional to the tnas voltage to feed buffer, UlA, 
which dri^ the «gn«ng and monitoring circuitry. 

4-15. Digital Control Circuitry. Refer to Figures 7-7, 7-8 
and 7-9 in the Schematic Diagram section of this manual. 

4-16. Microprocessor U29 is a dedicated IEEE-488bus con¬ 
troller device \riiich handles tl^ external bus instructions and 
communicates them to the internal miaoprocessor, U8. U31 
and U32 are transceivers passing the bus data and control 
signals in either direction from the bus processor to an exter¬ 
nal TFFg -488 ccmtroller. 

4-17. ROM devices UlO and Ull contain the 
preprogrammed ms migtinn sequences utilized in various 
portions of the measurement routines. The RAM devices 
U12 and U13 contain storage locations for function settings 
and data values generated during the measurement cycle. 
Decoder, U17, provides the chip select signals to implement 
a read or write instruction at an addressed memory location. 
The front-panel setups are also stored in the RAM devices. 

4-18. £EPROM,U15 contains cafibration data used in cor¬ 
recting measured parameters daring the measurement ^cle. 
The v^ues are saved in locations this device vdienever a 
calibration against an Vernal standard is invoked. U17 also 
provides decoding of the read and write instructions imple¬ 
mented for control of UlS. U18 senses the +5 volt supply 
poweriz^ the RAM and EEFROM devices. A defined drop 
or interruption of this voltage causes an internal battery to be 
applied to the memory ICs preventing a loss of data. 

4-19. The major signal Uses for operation of the instrument 
are i^ftntififtH as ADDRESS, CONTROL, and DATA. The 
ADDRESS si gnals are ntili-yftH to tell the ^stem where to 
look in memory for a particular instruction or data value. The 
CONTROL signals are used to ^ebronize the read/write 
operation of memories and peripherals. Tlie DATA s ign a ls 
Hftfinc the value of a measurement or stored correction 
parameter, or st^us condition, in coded form. 


4-20. Ulgenerates independent read and write strobes from 
the microprocessor read and write signal line. These signals 


are required by the memory and peripheral devices. U3 is a 
priorUy encoder that translates the interrupt signals to a form 
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required by microprocessor, U8. 

4-21. A crystal stabilized oscillator is ntiliygH to provide the 

/•IatIt tignftU jyifThrftnire the fimitig ftf the 

operations. Oscillator, A3Y1, generates an 18.43 MHz TTL 
waveform for this purpose. This signal is applied to a divider 
circuit, U6, which derives the desired sub-multiple tuning 
waveforms. The divition ratios required are 2,4, and 8. The 
main nucroprocessoT, U8 on s)d}assembly A3, and "DTAK” 
logic sequencer (U2) are clocked at 9^15 MHz. The bus 
processor, U29, operates at 4fi07 MHz and the keyboard 
interface circuit, A2U4, operates at 2303 MHz. 

4-22. Programmable Logic Array U2, (^)erates as a 
sequencer which controls data bus timing to and from 
peripheral devices. 

4-23. Integrated circmt,U7, operates as a power monit<^ for 
the microprocessor + S vdt supply. In the event the power is 
removed, it terminates the microprocessor operathm in a 
sequence such that the stored mformation is corrupted. 

4-24. The control circuit output <igpal< for setting various 
operational functions and range selection are provided 
through integrated drciiit latdies U24 and U26. The output 
lines are latched until changed by k^board control or bus 
instruction. The decoder device U19 provides the TTL code 
for the desired configuration. The functions controlled are 
the gain and attenuator settings in the amplifier chain, the 
capacitance range, and the bias configuration for the measur¬ 
ing orcuitiy. Note that the ADDRESS, CONTROL, and 
DATA lines to these circuits are buffered by U20, U21, and 
U22. 

4-25. Analog values of the parameters derived from the 
measuring circuits are transmitted to the A/D converter, 
U28. This device converts each value to a digital format in 
whidi it may be sent to the external controller and front panel 
digital display. The measured parameters include 
capacitance, conductance, temperature, and Inas le^^ The 
decoder circuit U23 supplies the timing \o^c for the meas¬ 
urements. 

4-26. Preset values for test level, bias, phase trim, and zero 
offset for C and G are applied to the digital-to-analog con¬ 
verters (DACs) U25, U27, and U29. Decoder, U23, also 
provides the TTL logic associated with these functions. The 
address and data line signak determine the actual value of 
the parameter. The DACs read the data which is applied in 
format and convert it to a proportional analc^ signal. 

4-27. Measurement Averaging. The averaging capability 
of the Model 7200 enables the user to set an optimum condi¬ 
tion of speed or setding time for the measureznezU. This is 
accomplished by storing a number of successive readings in 
RAM. Arithmetic average is performed before a data value 
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is sent to the internal display or external data bus. Mcasi^ 
Hwtfi increases directly vnth the nnixdjer of avera^d readii^ 
In the automatic mode (Spcdal Function 30). a default val^ 
is for each test level setting. Spedal functions 31 

through 39 aUow user selection of the number of averages 

from 1 through 500 in 1.2,5 scaled increments. 

4.28. Internal Temperature Measurement Circutlry. 

The circuits arc susceptible to errors in amplitude 

and phase when subjected to si^ificant changes in ambi^t 
tem^rature. Thermal sensor UlO on the detector assembly 

A5A2 causes a linear change in the resistive network output 
voltage proportional to tcn^ature.Thcvaluc is digitized^ 

the A/D converter U28 on the control board assembly. 
Temperature can be read cm (he front panel display by ^ 

ces^spedalfunction55.Acalculationofthcerrofmei^ 

amplitude or phase is also accessible by activation ^ sp^ 
functions 56 and 57 as outlined in the operation section of the 

manual. A new zeroing operation is recommended wl^ever 
the temperature is noted to have dhanged significantly from 
a previous zero caUbration. 

4-29. Front Panel Keyboard Circuitry. The kcybo«d as¬ 
sembly, A2A2, is a conventional matrix configuration. In 
operation, keys are scanned by a strobe signal generated by 
U4 on the display assembly, A2A1. Activation of any par¬ 
ticular key is detected and an appropriate instruction ccxlc is 
generated by the lo^ dreuitry. Integrated circuit U4 on the 
display assembly A2A1 is a programmable keyboard mter- 


face device vriiich performs all of these functions. 

4 ^. Front Panel Display Circuitry. The display ^d, 
A2A1, controls the front panel vacuum fluorescent display, 
AS. The unit is capable of displaying a row of M alphMum^ 
characters. In addition, a group of LED indicators identito 
the presence of activUics related to bus operations, iim 
display d pcA^ing operations are all accomplished by circuitry 
mternd to the display module. 


4-31. Power Supply Circuitry. The instrument power 
supplies are located on the control board assembly, A3. Two 
+5 volt supplies are employed. Each utilizes a conventional 
three terminal regulator. (U33 and U34) One suppli« 
the requirements for the primary integrated lo^ 

devices. The other supplies the input/output dreuits. The 
rn^aqmng drcuits STC powered by. +15 volt and -15 volt 
supplies. The regnlators for this section, U35 and U36, arc 
n ominal 5 volt fegulatoTs operating 10 volts above gro^ 
poientiaL U38 provides the +10 volt reference voltage. The 
bias supply, as noted in section 4-24, is located on the 
mother board, A4. 


4-32. Rear Panel Analog Output Circuitry. Analog out- 
puU for plotting purposes are available via BNC connectors 
on the rear panel The parameters C, G, and bias vdtage are 
scaled vdth 2.0 volts representing full scale. The source im¬ 
pedance is 1000 ohms. 
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M. INTRODUCTION. 

5*2. This section contains maintenance information for the 
Model 7200 Capadtance Meter. Included are performance 
tests, software and physical calibration procedures, a proce¬ 
dure for the removal and replacement of components, clean¬ 
ing informad^m, inspecdon, troubteshoodng i^ormadon and 
other general informadon for proper maintenance. 

WARNING 

Although this equipment has been desigted according 
to international sctfety standardSt general strfety 
precautions must be observed during all phases of 
operation, service and repair of this instrument. 
Failure to comply with the precautions Usted in the 
Strfety Summary at the front cf this manualorwith the 
spec^warrtingsgven througfuxu this manual could 
result in a serious injury or death. Service and adjust¬ 
ments should only be performed by qualified and 
scrfety-rrunded service personneL 

5-3. Required Equipment The test equipment and tools 
required for evaluadon, calibradon and maintenance are 
listed in Table 5-1. Equipment of equivalent characterisdes 
may be substituted for any item listed. However, the perfor¬ 
mance tests are based on the assumption that the recom¬ 
mended test equipment is used. 

5-4. Cleaning Procedure. Painted surfaces can be 
cleaned widi a commerdal spray-type wndow cleaner or with 
a mild soap and water solution. 

CAUTION 

Avttid tite use of chemical cleaning agents that /night 
damage the pl^cs used in the instrument Recom¬ 
mended cleaning (^ents are isopropyl alcohol, a solu¬ 
tion ofl partkelite and 20parts (rf water or a solution 
<rfl% mild detergent and 99% water. 

5-5. Removal of Covers. To remove the instrument 
covers proceed as follows: 

1. Disconnect all the cables and the power cord ftom 
the instrument. 

Z Remove the top cover by removing the two No. 6 
screws, tik up and push toward the rear. 


3. Turn the instrument owr and remove the bottom 
cover in the same manner. 

5-6. Visual Checks. It is a good practice to perform a 
visual check of the instrument for any Hamag^ caused by 
vibration, excessive shock, loose hardware, parts and cable 
connections, broken wires, dirt or overheating. Correct such 
problems before you perform the performance tests. 

5-7. Component Removal. Most componems are readily 
accessible for inspection and replacement when the 
instrument's covers are removed. Sc^d-state dreuks com¬ 
ponents mounted on circuit boards are used throu^out the 
instnunenL Care must be given during removal and installa¬ 
tion of these boards. The pins Gcads from the feedthrou^ 
capacitors) must be straight before a removed board can be 
reinstalled. Standard printed circuit board maintenance 
techniques are required for the removal and replacement of 
parts. Excessive h^ must be avoided; a low wattage solder¬ 
ing iron and suitable beat sink should be used for all soldering 
and unsoldering operations. 

5-8. Removal and Replacement of EPROMa. 

L Remove the instnimentis top cover as described in 
paragraph 5-5. 

Z The two EPROMs are designated as UlO and Ull 
and are dearly recognized by the bri^ orange stickers. Care 
must be taken to ensure that each EPROM is inserted into 
the proper socket The EPROMs are not interdiangeable. 
The first three numbers oftbe five character code on the label 
designates the EPROM location. The device with the 590 
code belongs in the UlO location and the device with the 591 
code belongs in the Ull location. 

CAUnON 

When rerru>ving and rejtiadng an integrated circuit 
(IC), note the mark or a notch that is used for pin 
number 2 identificatioru 

3. Remove the IC with a straight pull away from the 
board and install the replacement 

WARNING 

Hi^ voltages exist at various points in the instrument 
that can if contacted cause perstmal injury. Observe 
all strfety precautions. Service and atrfustments should 
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Table 5-1. Recommendeci Test Equipment and Tools. 


INSTRUMENT 

CRITICAL 

SPECIFICATIONS 

USAGE 

Cal Test 

MODEL 

Dig^al Multimeter 

Accuracy: 0.005% 

Resolution: ImV 


V 

Fluke 8840A or equal 

RF Miflivoltmeter 

Accuracy: 

Resolution: .ImV 


y/ 

Boemton Model 

9200 or equal 

Power Supply 

Level Range: 0to200VDC 


y/ 

HP 6209 or equal 

Oscilloscope 

Bandmdth: 60 MHz 

V 


Tektronix 2215 or equal 

Capacitance Standards 

2.000 pF, nominal, ± 0.1 % 

V 

V 

Model 76-2A/ll{1.95pF) 


20.00 pF, nominal, ± 0.1 % 

v 

y/ 

Model 76-2A/21(19.9pF) 


200.0 pF, nominal, ± 0.1 % 

V 

V 

Model 76-2A/31(199pF) 


2000 pF, nominal, ± 0.1 % 

V 

yf 

Model 76-2A/41(1950pF) 

Conductance Standards 

2DOO S, nominal, ± 0.1 % 

V 

V 

Model 76-4AAl(1.9juS) 


20.00/<S, nominal, ± 0.1 % 

V 

yf 

Model 76-4A/21(lS^S) 


200.00 fl S, nominal, ±; 0.1 % 

V 

yf 

Model 76-4A/31(19quS) 


2000 fi S, nominal, ± 0.1 % 

V 

yf 

Model 76-4A/41(190(^S) 

TYmHtng C^MCitOrS 

200pF, ±5% 

V 

yf 

Sec Rg 5-1 


500 pF, ±5% 

V 

yf 

Sec Fig 5-1 

Adapters and Cables 

BNC type TEE adapters, 

2 required 

y/ 

yf 



Binding Posts to BNC 

Male Adapter 

y/ 

yf 



BNC Female to double 
bamma plug 

y/ 

yf 



36" Cables with BNC 
male connectors, 2 required 

V 

yf 



be pafomed by trained service personnel for a few seconds before the instrument resumes normal 

operation. 


4. the power to the instrument and set the 

LINE ON/OFF switch to ON. 


6. Set the LINE ON/OFF switdi to OFF disconnect all 
the power to the instrument and replace the instrument’s top 
cover. 


5. Depress the LCL/INIT key to initialiTe the instru¬ 
ment. The new firmware number will appear on the display 
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Figure 5-1. Loading Capacitor. 

5-9. PERFORMANCE VERIFICATION 


5-10. The performance tests should be performed about 
every 12 months or after the instrument has been repaired. 
The performance tests also should be performed i^vhen the 
instrument is first received. A two hour warm-up period is 
required before beg^ning the performance tests. The recom- 
m^inded test equipment and standards required for the pm*- 
formance tests are listed in Table 5-1. The following 
performance tests are required to ensure that the instrument 
is operating within spedfication. 

1. Test level function check. 

Z Capacitance (Cp) accuracy test. 

3. Conductance (G) accuracy test. 

4. Capadtance analog output linearity test 

5. Conductance analog output linearity test. 

6. Internal bias accuracy test. 

7. External bias accuracy test. 

8. Input loadix^ test, (optional) 

The remaining capachance and loss functions: Cs, Q, Rp, 
Rs, and D are calculated from Cp and G and, therefore, do 
not need to be tested. 


5-11. Ttmpftrature Influence. The measnrmnent techni¬ 
que used 1^ the Model 7200 derives the conductancr and 
capadtance of the test specimen by analyziiig the magnitude 
and phase of the 1 MHz test signal that appears at the HI 
input connectors. The influence of temperature on the ab¬ 
solute accuraqr of Capadtance and Loss measurements is 
evident as magnitude and phase errors. The of the 

measurement may vary by up to ± 0i)17 %/ * C The phase 
eaor can vary by up to ± 0.2^ of phase from 0* (conductance) 
and 90” (capadtance) for every ±VC change in tempera¬ 
ture. As a general rule, the major paramatar is {dmarily 
influenced by the magnitude error and the phase error has 
the greater i^uence on the minor parameter. 

5-12. When the full-scale capadtance ranges of the 7200 are 
software calibrated, the internal temperature is measured 
and stored in nonvolatile memory with the o^ection factors 
for the ranges. Special ftmetion 55 is prorided as a means to 
display the internal teiiq>erature measuremenL Two addi¬ 
tional special functions, X and 57, are prodded to display the 
worst-case magnitude and phase errors as a function of A*C 
from the calibration temperature. These special functions 
measure the actual internal temperature (SPCL 55), calcu¬ 
late the A°C from the temperature value stored at the moment 
of calibration, and multiply the A^ by the magnitude and 
phase error spedfleations. The Option/Test switch A3S1 
position 6 must be set to the open position in order to access 
spedal functions 50 through 59. Refer to para^ph 3-64. 

5-13. Calculating the temperature influence on the major 
parameter is straightforward. For ocample, a displayed 
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Table 5-2 Phase Error Effect On Conductance (G). 


Temp 

Error 

Phase 

Error 

2.000 pF 

20.00 pF 

200.0 pF 

2000 pF 

±1 *C 

± 0 . 2 * 

±0.04 ;iS 

±QAfiS 

±4/4$ 

±40/48 

±2*C 

±0.4 * 

±0.09>iS 

±0.9 /iS 

±9/4$ 

±90/48 

±3*C 

± 0 . 6 * 

±0.13 piS 

±1.3//S 

± 13 / 4 S 

±130/48 

±4*C 

± 0 . 8 * 

±0.18>iS 

± 1 . 8 /<S 

± 18/48 

±180/48 

±5*C 

± 1 . 0 “ 

± 0 . 22 ;iS 

±2.2;iS 

±22/48 

±220/48 

± 6*0 

± 1 . 2 * 

±0.26/iS 

±2,SmS 

±26/48 

±260/48 

±7*0 

±1.4* 

±0.31 fiS 

±3.1 fiS 

±31 ftS 

±310/48 

± 8*0 

± 1 . 6 * 

±0.35 fiS 

±3.5 fiS 

±35/48 

±350/48 

±9*0 

± 1 . 8 * 

±0.39 

±3.Q ftS 

±39/48 

±390 fiS 

± 10*0 

± 2 . 0 * 

±0.44;iS 

±4AmS 

±44/48 

±440/48 

±11 *0 

± 2 . 2 * 

±0.48;£S 

±4.8/iS 

± 48/48 

±480/48 

± 12*0 

±2.4* 

±0.53/tS 

±5.3 

±53/48 

±530/48 

±13*0 

± 2 . 6 * 

±0.57;*S 

±5.7 fiS 

±57/48 

±570 fiS 

±14*0 

± 2 . 8 * 

±0.61 fiS 

± 6.1 fiS 

±61 /iS 

±610/48 

±15*0 

±3.0* 

±0.66;iS 

±6.6 juS 

± 66/48 

±660 fiS 


capacitance of 198i» pF with a magnitude error of ± 0230% 
(SPCL 56) would be in error by as much as ± 0.457pF. The 
phase error effect on the minor parameter is more ctifBcult 
to calculate. The formulae for calndating the phase error 
effect on conductance as a minor parameter is as follows: 

G - (TAN (phase error (jrA80 )) oi Cp) 

The formula for calculating the phase error effect on 
capacitance as a minor parameter are as follows: 

Cp =* (TAN(phaseerror (;rA80)) G/(u) 

Where: 

G = conductance (^S) 

phase error ^ value displayed by SPCL 57 

a> = 2 x3C X1000000Hz 

Cp = parallel capacitance (uF) 

Minor parameter example: a displayed parallel 
c^adtance (Cp) of 1525 pF with a phase error due to 
temperature of ± 02ff* (SPCL 57) would have a measure¬ 
ment error of ± 03 fiS of conductance. Table 5-2 lists the 
effects of phase error on conductance as the minor parameter 


over a ± 15*^ C temperature range. Table 5-3 lists the effects 
of phase error on capacitance as the minor parameter over a 
± 15* C temperature ran^. 

5 . 14 . Instruments with software program codes 921208 and 
greater indude two special functions, 8 and 9, whidi automat¬ 
ically calculate and display the worst-case error for 
capacitance and conductance. All parallel capacitance and 
conductance error terms listed in Table 1-1, induding 
ten^>erature influence, are calculated and displayed as a 
single error value. 

5-15. Test Level Functional Check. There are four test 
level selections on the Model 7200:100,50,30, and 15 mV, 
The test levels are approximate and thereftve onty a ftmction- 
ai check is required. Refer to paragraph 3-45 for information 
about selecting the test level To perfom the test level func¬ 
tional test, proceed as follows. 

L Depress the LCL/fNIT key to initialiTc the instru¬ 
ment. 

2. Connect the TEST LO to the RF Millivdtmeter. 

3. Set the test levd to the values listed m Table 5-4 and 
record the RF level measurements in the table. 

4. Compare the measured values to the error limits and 
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Table 5-3 Phase Error Effect On Capacitance (Cp). 


Temp 

Error 

Phase 

Error 

2.000/tS 

20.00 

200.0^8 

2000 fiS 

±1 “C 

±0.2 - 

±0.001 pF 

±0.01 pF 

±0.1 pF 

±1 pF 

±2^C 

±0.4- 

±0.002 pF 

±0.02 pF 

±0.2 pF 

±2pF 

±3*C 

±0.6- 

±0.003 pF 

±0.03 pF 

+ 0.3 pF 

±3pF 

±4-0 

±0.8- 

±0.004 pF 

±0.04 pF 

±0.4 pF 

±4pF 

±5‘*C 

±1.0- 

±0.005 pF 

±0.05 pF 

±0.5 pF 

±5pF 

±6*C 

±1.2- 

±0.006 pF 

±0.06 pF 

±0.6 pF 

±6pF 


±1.4- 

±0.007 pF 

±0.07 pF 

±0.7 pF 

±7pF 

+8-0 

+ 1.6- 

+ 0.008 pF 

±0.08 pF 

±0.8 pF 

±8pF 

±9-0 

±1.8- 

±0.009 pF 

±0.09 pF 

±0.9 pF 

±9pF 

±10-0 

±2.0- 

±0.010 pF 

±0.10 pF 

±0.10 pF 

±10pF 

±11-0 

±2.2- 

±0.011 pF 

±0.11 pF 

±0.11 pF 

±11 pF 

±12-0 

±2.4- 

±0.012 pF 

±0.12 pF 

±0.12 pF 

+ 12pF 

±13-0 

±2.6- 

±0.013 pF 

±0.13 pF 

±0.13 pF 

±13pF 

±14-0 

+ 2.8- 

±0.014 pF 

±0.14 pF 

±0.14 pF 

+ 14pF 

+ 15-0 

±3.0- 

+ 0.015 pF 

+ 0.15 pF 

±0.15 pF 

+ 15pF 


record the results, pass or fail, in the table. 

5-16. Capacitance and Conductance Teat Limits. The 
limifs shown in Tables 5-5 and 5^ were coiiq)ated based on 
the measurement specification excluding temperature in¬ 
fluence. The temperature influence, although small, can be 
computed as e3q;>lained in the paragraphs 5-11 through 5-13 
and the result added to the Error Limit in the tables. Fur¬ 
thermore, the table limits were computed based on the as¬ 
sumption that the capacitance and the conductance 
standards used are between 90% and 100% of hill-scale. 
Tintfniments with program codes 921208 and greater include 
spedal functions 8 and 9 which automatically calculate and 
display the worst-case enor limits of capacitance and con¬ 
ductance, includii^ temperature influence. Since these ^- 
dal functions save test time, it is strongly recommended that 
they be used, if available, in place of the limits given in Tables 
5-5 and 5-6. The following procedures will only reference the 
limits in the tables for simplicity. 

5-17. Capacitance (Cp) Performance Test To pcrfom 
the capacitance accuracy test, proceed as follows. 

1. Depress the LCIVINIT key to initialize the instru¬ 
ment. 

2. Connect one side of the 2 pF standard to only the 
TEST HI connector on the Model 7^. 


3. Depress the ZERO key and wait until the zeroing 
routine is complete. 

4. Enter special function 12 to hold the 2 pF range. 

5. Connect the capacitance standard to the TEST HI 
and LO connectors and depress the Cp key. 

6. Record the values of the capacitance standard and 
the Cp and G readings m Table 5-5. 

7. Verify that the difference between the standard and 
measured values is within the error limits and record the 
results, pass or fail, in Table 5-5. 

8. Repeat steps 4 through 7 for the 20, 200, and 2000 
pF capacitance standards and enter special functions 13,14, 
and 15, respectively, to hold the appropriate capadtance 
range in step 4. 

5-18. Ifanyofthe capadtance performance tests have failed, 
a calibration may be necessary. See paragraph 5-31. 

5-19. Conductance (G) Performance Test To perform 
the conductance accura <7 test, proceed as follows. 

1. Depress the LCL/INIT key to initialize the instni- 
ment. 
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2. Connect one side of the 2 fiS standard to only the 
TEST HI connector on the Model 7200. 

3. Depress the ZERO key and wait until the zeroing 
routine is complete. 

4. Enter special function 12 to hold the 2/tS range. 

5. Connect the conductance standard to the TEST HI 
and LO connectors and depress the Cp key. 


6. Record the values of the conductance standard and 
the G and Cp readings in Table 5-6. 


7. Verify that the difference between the standard and 
measured values is within the error limits and record the 
results, pass or fail, in Table 5-6. 


8. Repeat steps 4 through 7 for the 20,20(^ and 2000 
^ S standards and enter special functions 13,14, 

and 15, respectively, to hold the appropriate conductance 
range in step 4. 


5-20. If any of the conductance performance tests have 
failed, a calibration may be necessary. See paragraph 5-31. 


5-21. Analog Output Linearity Performance Test The 

expected ideal magnitude of the output voltage at the 
capacitance and conductan c e analog outputs is 2000 mV for 
2000 counts (full-scale) on each range. Although the mag¬ 
nitude of the 2 voU output has an error of fypic^ less than 
1%, it is too large to be ignored for most linearity measure¬ 
ments. Therefore, depending on what major parameter is 
being measured, the actual mV/pF or mV/juS scale factor 
must be normalized in order to accurately measure linearity. 
This ratio measurement is made near fidl-scale so that any 
linearity error has a negligible effect. In the instructions that 
follow, the analog output accuracy is further calculated from 
the scale factor and expressed as an error in percent As an 
example, a capacitance standard with a value of 1951 pF is 
connected to the Test HI and LO inputs and the DMM 
measurement value is 1945 mV. 


The scale factor is: 

1945/1951 =^0.9969 


oSMt at the analog output with the OFFSET mode on the 
DMM. The range-to-rangc ctossovct error is avoided by 
holding the 2000 pF/uS range during a linearity measure¬ 
ment. 

5-23. Capacitance Analog Output Linearity Test T o 
perfom the capacitance analog output linearity test, proceed 
as follows. 

L OntheModcl7200dcpressLCL/INrrkeytoimtial- 
u& the instrument. 

2. Connect the DMM input to the CAP ANALOG 
OUTPUT on the rear panel of the Model 7200 with a BNC 
cable and adapter. 

3. pAnni-rf only 006 terminal of the 2 pF standard to 
the TEST HI connector and zero the instrument. 

4. Enter special function 15 to set and hold the 2000pF 
range. 

5. Set the DMM to VDC. 20 volt range, and toggb the 
OFFSET key to enable the offset mode. 

6. Connect the 2000 pF capacitance standard to the 
TEST HI and LO conncaors, measure the analog output 
voltage and calculate the scale factor using the following 
formula. 

Scale Factor = DMM value (mV) / Standard Value (pF) 

7. Record the calculated scale factor in Table 5-7. 

8. Calculate the Analog Output Accuracy uang the 
foDowng formula and record the result in Table 5-7. 

Accuracy {%) = 100 % x (Scale Factor - 1) 

9. Disconnect the 2000 pF capacitance standard and 
connect the 200 pF capadlancc standard. 

10. Calculate the Adjusted Standard Value by using the 

following formula and record the result in Table 5-7. 

Adjusted Standard = Scale Factor x Standard Value 


The analog output accuracy is: 

100 % X (Scale Factor - 1) * - 031 % 

5-22. Two other sources of error must be removed before the 

linearity can be accurately measured: zero offset error mid 
range-to-rangc crossover error. The zero offset error is 
removed by first zeroing the Model 72KX) (held on the 2000 
pF//«S range) and then further compensating for the residual 


11. Record the DMM reading (mV = pF) in Table 5-7. 

12. Subtract the DMM value from the Adjusted Stand¬ 
ard Value and compare the result to the Error Limits. Record 
the result, pass or fail, in Table 5-7. 

13. Repeat steps 9 through 12 using the 20 pF and 2 pF 
capacitance standards instead of the 200 pF capacitance 
standard. 
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5-24. Conductance Analog Output tJneartity Test To 
perfonx the conductance anal<^ output linearity test, proceed 
as follows. 

L OntheModel7200depressLCL/INrrkeytomidal- 

126 the mstniment 

Z Connect the DMM input to the LOSS ANALOG 
OUTPUT on the rear panel of the Model 7200 with a BNC 
cable and adapter. 

3 . Con n c/^ only one terminal of the 2/xS conductance 
standard to the TEST HI connector and zero the instrumcnL 

4. Ftii-ftr Special function 15 to set andhold the 2000/<S 
range. 

5. Set the DMM to VDC, 20 volt range, and toggle the 

OFFSET key to enable the offset mode. 

6 . Co nner the 2000 >xS conductance standard to the 
test hi and LO connectors, measure the analog output 
voltage and calculate the scale factor using the foUomng 
formula. 

Scale Factor == DMM value (mV) / Standard Value (^S) 

7. Record the calculated scale factor in Table 5^. 

8 . Calculate the Analog Output Accuracy uring the 
following formula and record the result in Table 5-8. 

Accuracy (%) * 100 % x (Scale Factor - 1) 

9. Disconnect the 2000 /x S conductance standard and 
connect the 200/xS conductance standard. 

10. the Adjusted Standard Value by usii^ the 
following formula and record the result in Table 5-8. 

Adjusted Standard = Scale Factor x Standard Value 

11 . Record the DMM reading (mV = /xS) in Table 5-8. 

12. Subtract the DMM value from the Adjusted Stand¬ 
ard Value and compare the result to the Error l i mits . Record 
the result, pass or fail, in Table 5-8. 

13. Repeat steps 9 through 12 using the 20/xS and 2^S 

conductance standards instead of the 200 /xS conductance 
standard. 

5-25. Internal Bias Performance Test The intemal bias 
test is performed by setting the intemal bias supply to various 
levels, measuring the d.c. output voltage with a predsion 
DMM and comparing the readings to the internal bias set- 


Section 5 

Hngc To perform the test, proceed as follows. 

CAUnON 
fflGH VOLTAGE 

L On the Model 7200 depress LCL/INIT key to initial¬ 

ize the instrument. 

Z Set the DMM to VDC, 200 V range and disable the 
OFFSET mode. Connect the DMM input to the TEST HI 
lining a BNC cable and banana plug adapter. 

3. Depress the BIAS ON key to enaWe the bias output 

The gr ff" LED above the TEST HI connector will be il¬ 
luminated. 

4. Set the internal bias supply to the voltages given in 
Table 5-9, measure the output level using the DMM and 
record the value in the table. As the bias supply voltage is 
increased greater than ± 20 , verify that the LED above the 
HI connector changes from green to red. 

5. Compare the difference between the setting ai^ 
reading to the error limits and record the result, pass (x fail, 
in the Table 5-9. 

5-26. If any of the internal bias pcrfOTmancc tests have failed, 

a calibration may be necessary. Sec paragraph 5-31. 

5-27, External Bias Performance Test. The external 
bias test is performed by setting an external power supply to 
various levels, measuring the d.c. output voltage with a 
precision DMM and comparing the readings with external 
bias readings. To perform the test, proceed as follows. 

CAUTION 
fflGH VOLTAGE 

L OnthcModd'^dcpressLCUINn'keytomiti^ 
ize the instrument. 

Z Set the DMM to VDC, 200 V range and disable the 
OFFSET mode. Connect the DMM input to the TEST HI 
connector using a BNC cable and adapter. 

3. On the Model 6209B Power Supply set the current 
and the voltage adjustment for a minimum output. Uring a 
BNC adapter connect the output from the power supply to 
the EXT BIAS INPUT on the rear panel of the Model 7200. 
The negative terminal of the power supply should be con¬ 
nected to the shield of the BNC cable (chassis ground) and 
the positive tcnmnal should be connected to the center con¬ 
ductor of the BNC cable. 
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Figure 5-2. Input Loading Test Setup. 


4. On the Model 7200 depress the EXT key to select 

thft measurement mode. 

5. Depress the BIAS ON key to enable the bias output 
to the front panel HI connectors. The green LED above the 
TEST HI connector will be illuminated. 

6 . A<^ust the power supply to within ± 0.5 V of the 
positive voltages listed in Table 5-10 and record the DMM 

readoig and the EXT bias readings in the table. As the power 

supply ventage is increased greater than ± 20, vwify that the 
T m above the HI connector changes from green to red. 

7. Compare the difference between the recorded read¬ 
ings to the Error TJmite and record the result, pass or in 
Table 5-10. 

8 . Adjust the power supply voUage for minimum out¬ 
put and set the Model 6209B power to off. 

9 . the polarity of the test leads on the power 


supply (positive ground) and set the power to on. 

10. Repeat steps 6 and 7 for the negative voltages listed 
in Table 5-10. 

IL Adjust the power supply voltage for minimum out¬ 
put and set the Model 6209B power to off. 

5-28, Ifanyoftheextemalbiasperformancetestshavcfailed, 

a calibration may be necessary. See par^raph 5-31. 

5-29. Input Loading Performance Test The mput load¬ 
ing test verifies that the input can be loaded with an im¬ 
pedance to chassis ground with minimal change in the 
measurement value. This effect is likely to occur when long 
cables are used between the instrument and the test 
specimen. In this test a standard capacitor is measured while 
a load impedance is inserted and removed between the HI 
input and chassis ground terminals. To perform the input 
loading test, proceed as follows. 
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1. On the Model 7200 depress the LCUINIT key to 
iwirialiw the instrument. 

2. After the instrument has initialized, connect the two 
BNC type TEE adapters to the TEST HI and LO connectors 
as depicted in Figure 5-2. 

3. CrtTinftrf only one connector of the 2 pF standard 
<’^ pafitnr to tlw TEST HI TEE adapter. 

4. Enter special function 12 to hold the 2 pF range. 

5. Depress the ZERO key and wait untfl the zeroing 
routine u complete. 

6. Confirm* the 2 pF standard capadtor to both TEE 
adapters connected to the TEST HI and LO connectors. 

7. Depress the Cp key and record the capadtance 
measurement in the Unloaded Value column in Table 5-lL 

8. Remove the standard capacitor and connect the 200 

pF capadtor to the bottom of the connector as 

depicted in Figure 5-2. 

9. Depress the ZERO key and wait until the zeroing 
routine is complete. 

10. With the loading capadtor connected, again con¬ 
nect the 2 pF standard capadtor to both TEE adapters. 

11. Record the capadtance measurement in the Loaded 

Value in Table 5-11. 

IZ Compare the difference between the Loaded and 
Unloaded Values to the Error Limits and record the results, 
pa ss or fail, in Table 5-11. 

13. Disconnect the loading capacitor and connect only 
one connector of the 20 pF standard capadtor to the TEST 
HI TEE adapter. 

14. Enter special fimetioa 13 to hold the 20 pF range. 

15. Depress the ZERO key and wait until the zeroing 
routine is complete. 

16. Connect the 20 pF standard capacitor to both TEE 
adapters connected to the TEST HI and LO connectors. 

17. Depress the Cp key and record the capadtance 
measurement in the Unloaded Value column in Table 5-lL 

18. Remove the standard capadtor and connect the 500 

pF capadtor to the bottom of the connector as 

depicted in Figure 5-2, 


19. Depress the ZERO key and wait until the zeroing 
routine is complete. 

20. With the loading capadtor connected, again con¬ 
nect the 20 pF standard capadtor to both TEE adapters. 

21. Record the capadtance measurement in the Loaded 

Value column in Table 5-11. 

22. Compare the difference between the Loaded and 
Unloaded Values to the Error limits and record the results, 
pass or fail, in Table 5-11. 

23. Disconnect the loading capadtor and connect only 
one connector of the 200 pF standard capacitor to the TEST 
HI TEE adapter. 

24. Enter special function 14 to hold the 200 pF range. 

25. Depress the ZERO key and wait until the zeroing 
routine is cranplete. 

26. Connect the 200 pF standard capadtor to both TEE 
adapters connected to the TEST HI and LO connectors. 

27. Depress the Cp key and record the capacitance 
measurement in the Unload^ Value column in Table 5-11. 

28. Remove the standard capadtor and connect the 500 
pF loading capadtor to the bottom of the connector as 
depicted in lugure 5-Z 

29. Depress the ZERO key and wait until the zeroing 
routine is complete. 

30. With the loading capadtor connected, again con¬ 
nect the 200 pF standard capadtor to both TEE adapters. 

3L Record the capadtance measurement in the Loaded 
Value column in Table 5-11. 

3Z Compare the difference between the Loaded and 
Unloaded Values to the Error Limits and record the results, 
pass or fail, in Table 5-11. 

33. Disconnect the loading capacitor, standard 
capadtor and TEE adapters. 

5-30. If any of the Performance Tests have failed, a calibra¬ 
tion may be necessary. Sec pan^raph 5-31. The Option/T^ 
switch A3S1 position 6 must be set to the dosed position in 
order to prevent access to spcdal functions 50 throu^ 59. 
Refer to paragraph 3454. 
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Table 5-4. Test Level Functional Test. 


Test Level 
Setting 
100 mV 
50 mV 
30 mV 
15 mV 


Error 

Umits 

Measured 

Value 

Results 

10 mV 

mV 

Pass 

Fail 

+ 7mV 

mV 

Pass 

Fail 

± 6mV 

mV 

Pass 

Fail 

± 3 mV 

mV 

Pass 

Fail 


Table 5-5. Capacitance (Cp) Accuracy Test. 


Nominal 

Standard 

Standard 

Values 

Error 

Umits 

Measured 

Values 

Results 

2.000 pF 
0.000 

20.00 pF 

0.00/iS - 

200.0 pF 

0.0 

2000 pF 

QfiS 

pF 

+ 0.014 pF 

pF 

Pass Fail 

aS 

± 0.09 fiS 

fiS 

Pass Fail 

pF 

± 0.09 pF 

pF 

Pass Fail 


± 0.5 

fiS 

Pass Fail 

pF 

± 0.9 pF 

. pF 

Pass Fail 


± 7mS 

fiS 

Pass Fail 

pF 

± 9pF 

pF 

Pass Fail 

aS 

± 356^3 

/iS 

Pass Fail 





____—- 

Table 5-6. Conductance (G) Accuracy Test 

Nominal 

Standard 

Standard 

Values 

Error 

Umits 

Measured 

Values 

Results 

2.000/iS 
0.000 pF 

20.00/iS 
0.00 pF 

200.0/zS 

0.0 pF 

2000/zS 

0 pF 

fiS 

± 0.14 


Pass Fail 
Pass Fail 

pF 

± 0.009 pF 

. pF 

/iS 

± 1.0/iS 

fiS 

Pass Fail 
Pass Fail 

pF 

± 0.045 pF 

pF 


± 9.1 

nS 

Pass Fail 
Pass Fail 

pF 

± 0.41 pF 

pF 


±90 iiS 

fiS 

Pass Fail 
Pass Fail 

pF 

± 4 pF 

pF 
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fable 5-7. Capacttanc 

Scale Factor: 

e Analog wu 

SF 

Cap Analog Output Accuracy:_ 


% 

Nominal 

Standard Value 

Error 

DMM Reading 

Results 

standard 

Adjusted By SF 

Limits 

(1mV/pF) 



200.0 pF 

pF 

± 1.2 pF 

. pF 

Pass 

Fail 

20.00 pF 

. pF 

± 1.02 pF 

pF 

Pass 

Fail 

2.000 pF 

pF 

+ 1.002 pF 

pF 

Pass 

Fail 

---- 

Table 5-8. Conductance Analog Output Linearity Test. -- - 

Factor: SF 

Loss Analog Output Accuracy: _ 



Nominal 

Standard Value 

Error 

DMM Reading 

Results 

Standard 

Adjusted By SF 

Limits 

(1mV//iS) 



200.0 fiS 

>iS 

± 1.2/<S 

fiS 

Pass 

Fail 

20.00 


± 1.02 ;jS 

fiS 

Pass 

Fail , 

» 

2.000 ^3 

fiS 

* 1.002;iS 

fiS 

Pass 

Fail 


Table 5-9. Internal Bias Accuracy Test, - 

Internal Bias 
Setting 

+ 100.00 V 
+ 50.00 V 
+ 20.000 V 
+ 0.000 V 
-20.000 V 
-50.00 V 
-100.00 V 


Error 

Limits 

DMM 

Reading 

Results 

± 0.60 V 

V 

Pass 

Fail 

± 0.35 V 

V 

Pass 

Fail 

0.11 V 

V 

Pass 

Fail 

+ 0.01 V 

V 

Pass 

Fail 

0.11 V 

V 

Pass 

Fail 

0.35 V 

V 

Pass 

Fail 

± 0.60 V 

- - V 

Pass 

Fail 


5-11 



Sections 


Maiz^enance 


Table 5-10. External Bias Accuracy Test. 


Power Supply ' 

DMM 

Error 

Ext Bias 

Results 

Setting 

Reading 

Limits 

Reading 



+200.0 V 

V 

± 0.9 V 

V 

Pass 

Fail 

+50.0 V 

V 

± 0.5 V 

V 

Pass 

Fail 

+ 10.0 V 

V 

± 0.4 V 

V 

Pass 

Fail 

+ 0.0 V 

V 

± 0-4 V 

V 

Pass 

Fail 

-10.0 V 

V 

± 0.4 V 

V 

Pass 

Fail 

-50.0 V 

V 

±0.5V 

V 

Pass 

Fail 

-200.0 V 

V 

± 0.9 V 

V 

Pass 

Fail 


Table 5-11. Input Loading Test. 


Nominal 

Unloaded 

Error 

Loaded 

Results 

Standard 

Value 

Limits 

Value 


2.000 pF 

pF 

± 0.020 pF 

pF 

Pass Fail 

20.00 pF 

pF 

* 0.20 pF 

pF 

Pass Fail 

200.0 pF 

pF 

± 2.0 pF 

PF 

Pass Fail 


5-31. SOFTWARE CAUBRATION 

5-32. If the iastniment has failed Che perfonnance test or has 
been repaired. Software Calibration should be performed. 
Also, if more than 12 months have ela^Med since the previous 
caiibratioc, the Software Cal9?r^i<m is recommended. The 
foOcwing software calibradon procedure should be per¬ 
formed serpientially as guided by the procedure. 

5-33. To to the software caUbradon routines, 

Opdon/Test switch A3S1 position 6 must be set to the open 
position. Refer to paragraph 3-6^. The A5 housing cover 
Tn«<f be in place and secured with aH cover screws and the 
nnif warmed up for at least 2 hours before att emp ti ng any 
calibration. To display the internal temperature, enter special 
ftinftinn 55 . Fot a unit that has been warmed up, with all 
covers in place, in a well-ventilated environment, t^ mtemal 
temperature indication should be approrimatefylO ^ C above 
the temperature of the ambient environment 

Note 

To minimize measurement errors due to temperature 
influence, the software calibration should be per¬ 
formed at an envirmental temperature that is as close 


as possible to the amr&dons where the unit will be 
placed in operadenu If possible, perform the calibra¬ 
tion at die same location where the unit is used and 
under the same operating conations. 

5-34. External Bias Calibration. This calibration proce¬ 
dure is to internally measure and remove the offset 

voltage in the ertemal bias drenits, Perform the ^ocedure 
as follows. 

L Depress the LCL/INTT key to inirialiTa the instru- 
menL 

2. Depress the EXT bias key. Make certain that there 
is no power supply connected to the external bias input 
connector on the rear panel of the 7200. 

3. Enter special function 51 to calibrate and remove 
the offset voltage. If an offset voltage is present that e aceeds 

parameters, Error 58 wQl be displayed, otherwise the 
EXT bias display wiS indicate Oi) volts ± 1 count 

5-35. Internal Bias Calibration. This calibration proce¬ 
dure is designed to measure and remove the offset voltage in 
the infftT nal bias supply circuits. Perform the procedure as 
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foQows. 

1. Connect tl:«DIFF HI port to the DMM input using 
a BNC cable and adapter. 

2. Depress the LCL/INIT key to initialize the instru¬ 
ment and set the INT bias voltage to 0 volts. 

3. Set the DMM to the 2 volts, d.c. range. 

4. Depress the BIAS ON key to enable the bias supply 
output 

5. Adjust the INT bias voltage using the daU keypad 
^iTiril the DMM measurement is less than ± L5 mV. 

6 . Enter spedal function 52 to calibrate and remow 
the offset voltage. If an o^t voltage is present that exceeds 

parameters. Error 59 will be displayed, otherwise the 
INT bias display will indicate 0.000 volts. 

7. Enter spedal function 23 to hold the 100 volt internal 
bias range. 

8 . Adjust the INT bias voltage using the data keypad 
untQ the measurement is less than ± 15 mV. 

9. Enter special funcdon 52 to calibrate and remove 
the offset voltage. If an offset voltage is present that e x ceeds 
rfy-dgn parameters, Error 60 will be displayed, otherwise the 
INT bias display will indicate 0.00 volts. 

5-36. Detector Offset Calibration. This calibration pro- 
cedure is designed to internally measure and remove the 
nffoft voltage in the capacitance and conductance measure¬ 
ment drcuits. Perform the procedure as follows. 

1. Depress the LCL/INIT key to initialize the instru¬ 
ment. 

2. Make certain that there are no cables, fixtures or 
components connected to the DIFF and TEST connectors on 
the front panel of the 7200. 

3. Enter spedal function 50 to calibrate and remove 
the offMt voltages in the detector drcuitry. During the 
calibration the display will indicate the test level and meas¬ 
urement range. The cal3>ration is similar to performing a 
ZERO operation at all four test levels. 

5-37. Capacitance Full-Scale Calibration. To perform 
the full-scale rai^e calibration, proceed as fol¬ 

lows. 

1. Depress the LCL/INIT key to initialize the instru¬ 
ment. 


2. Enter spedal function 2 to enable the capadtance 
standard entry mode. The display should contain: 

"C Standard 0.000 pF" 

3. Enter the capadtance value marked on the 2 pF 
capadtance standard. 

4. Enter special fimction 3 to end>le the conductance 
standard entry mode. The display should contain: 

"G Standard 0.000 uS" 

5. Enter the conductance value marked on the 2 pF 
capadtance standard. 

6 . Enter spedal function 12 to hold the 2 pF rai^. 

7. Connect the 2 pF standard to the TEST HI and LO 
connectors. 

8 . Enter spedal funcfion 53 to initiate the full-scale 
Capadtance cal^ation routine. While the calibration is in 
process the display will contain a sequence of messages that 
iitHicatft the test level followed by the value of Uie capadtance 
.standard. For example: 

"15 mVCal 2.000pF 

"30 mVCal 2.000pF 

"50 mVCal 2.000pF 

"100 mV Cal 2.000 pF 

If for any reason the unit is unable to calibrate frill-scale 
capadtance, one or more error codes, 50 throv^ 53, will be 
displayed in place of the capadtance value. 

9. Enter spedal frinction 54 to inifi^ the conductance 
phase detector calibration routine. While the calibration is in 
process the display will contain a sequence of messages that 
indicate the test level followed by the conductance value of 
the capadtance standard. For example: 

"15 mVCal 0.000uS" 

"30 mVCal 0.000uS" 

"50 mVCal 0.000uS" 

"100 mV Cal 0.000 uS" 

If for any reason the unit is unable to calibrate the conduc¬ 
tance phase detector, one or more error codes, 54 throi^ 
57 , will be displayed in place of the conductance value. 
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10. Repeat steps 1 through 9 replacing the 2 pF standard 
with the 20,200, and2000 pF capacitance standards and enter 
the respective special function 13,14, and 15 in step 6 to hold 
the proper capacitance range. 

5>38. After the calibration procedure is complete, the per¬ 
formance test beginning in paragraph 5-9 should be com¬ 
pleted to verify the accura^ of the If the calibration was 

unsuccessful, perform the adjustments procedure beginning 
with paragraph 5-39. 

^39. ADJUSTMENTS 

5-40. The Model 7200 adjustments are listed in Table 5-6. As 
a general rule, it is not necessary to perform the adjustment 
procedure on an awiwal basis. The adjustments only 
be performed when the unit has bea repaired or if the 
software calil»’ati(Hi procedure fails to calibrate the instru¬ 
ment. The required test equipment is listed in Table 5-1. 


Mamtenance 

5-41. Before performing any adjustments, the software 
calibration memory must first be initialized using special 
function 59. Initializing the calibration memory sets the 
software calibration values to nominal. All adjustments 
should be made sequentially as guided by the procedure. 
After performing the adjustments, the Software Calibration 
procedure must be performed to complete the calibration of 
the instrument. Re^ to paragraph 5-31. 

5-42. Calibration Memory Initialization. On the Control 
Assembly set Option/Test Switch SI position 6 to dosed 
position to enable special functions 50 - 59. The Option/Test 
switch settings are shown in Table 3-5. To prepare the instru¬ 
ment for adjustment, proceed as follows. 

L Depress the LdVINn' key to mitialb« tlm instru¬ 
ment 

2. Make certain that there are no cables, fixtures or 
components connected to the DIFF and TEST connectors on 



Rgure 5-3. Adjustment Location Diagram. 
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Table 5-12. List and Location ot Adjustments. 


AJUSTMENTS 

LOCATION 

L2 2 pF Range Loading Adjustment 

L4 20 pF Range Loading Adjustment 

L5 200 pF Range Loading Adjustment 

R26 Nominal Phase Adjustment 

R30 Conductance Full-Scale Adjustment 

R33 Capacitance Full-Scale Adjustment 

R45 Minor Phase Adjustment 

Amplifier Board. A5A3 

Amplifier Board, A5A3 

Amplifier Board, A5A3 

Phase Detector Board, A5A2 

Phase Detector Board, A5A2 

Phase D^ector Board. A5A2 

Phase Detector Board, A5A2 


the front panel of the 7200. 

3. Enter special funcdon 50 to cal&rate and remow 
the offset voltages in the detector circuitry. During the 
calibration the display vrill indicate the test level and meas¬ 
urement range. calibration is similar to performing a 
ZERO operadtm at all four test levels. 

5-43, Remove the outside bottom cover to access the adjust¬ 
ments. Figure 5*3 shows the locations of the adjust m e nts 
through the cover of the AS assembly. Be certain to the 
cover on the AS assembly is in place and secured with all 
screws before any adjustment is performed. The recom¬ 
mended warm-up time is two hours. 

5-44. Ampifflor Board Adjustment*. Adjustments 
A5A3L2, A5A31A and ASA3L5 are factory adjustments and 
are expected to remain set for the life of the instrument 
These adjustments should only be made when the instrument 
fails the mput loading performance test in paragraph 5-29. 
Special Loading Capacitors are shown in Figure 5-1. 

5-45. 2 pF Range Loading Adjustment, A5A3L2. 

Perform the adjustment as follows. 

1 . Depress the LCUINIT key to initiaUze the instru¬ 
ment 

2. Aft er the instrument has initialircd, connect the two 
BNC type TEE adapters to the TEST HI and LO connectors 
as depicted in Fgure 5-Z 

3. only one connector of the 2 pF standard 
capacitor to the TEST HI TEE adapter. 

4. Enter special function 12 to hold the 2 pF range. 

5. Depress the ZERO key and wait until the zeroing 
routine is complete. 


6 . the 2 pF standard capadtor to both TEE 
adapters connected to the TEST HI and LO connectors. 

7. Depress the Cp key and note the capacitance meas¬ 
urement. 

8 . Remove the standard capacitor and connect the 200 

pF capacitor to the bonom of the connector as 

depicted in Figure 5-2. 

9. Depress the ZERO key and wait until the zeroing 
routine is complete. 

10. With the loading capacitor connected, again con¬ 
nect the 2 pF standard capacitor to both TEE adapters. 

11. AdjustA5A3L2untilthemdicationiswithin ±0.005 
pF of the reading in step 7. 

12. Remove the 200 pF loading capacitor and the 2 pF 
standard capacitor and repeat steps 5 throi^ 11 imtU no 
adjustment is required. There may be some interacdon be¬ 
tween the zero operation and the loadin g adjustm en t. 

5-46. 20 pF Range Loading Adjustment, A5A3L4. 

Perform the adjustment as follows. 

1. Depress the LCL/INTT key to iniri a liz e the instru¬ 
ment. 

2. After the instrument has imtiaUzed, connect the two 
BNC type TEEadapters to the TESTHI and LO connectors 
as depicted in Figure 5-2. 

3 . Connect only one connector of the ^ pF standard 
capacitor to the TEST HI TEE adapter. 

4. Enter special function 13 to hold the M pF range. 
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5. Depress tke ZERO key and until the zeroing 
routine is complete. 

6. Connect the 20 pF standard capadtor to both TEE 
adapters connected to the TEST HI and LO connectors. 

7. Depress the Cp key and note the capacitance meas¬ 
urement. 

8 . Remove the standard capacitor and connect the 500 

pF capadtor to the bottom of the connector as 

depicted in Figure 5-Z 

9. Depress the ZERO key and wait until the zeroing 
routine is complete. 

10 . the loading capadtor connected, again con¬ 
nect the 20 pF standard capadtor to both TEE adapters. 

11. Adjust A5A3L4 until the indication is within ± 0.02 
pF the reading in step 7. 

12. Remove the 500 pF loading capadtor and the 20 pF 
standard capadtor and repeat steps 5 through 11 until no 
adjustment is required. There may be some interaction be¬ 
tween the zero operation and the loading adjustment. 

5-47. 200 pF Range Loading Adjustment, A5A3L5. 

Perform the adjustment as follows. 

1. Depress the LCX/INIT key to initialize the instru¬ 
ment. 

2. After the instrument has initialized, connect the two 
BNC type TEE adapters to the TEST HI and LO connectors 
as deincted in Figure 5-2. 

3. Connect only one connector of the 200 pF standard 
capadtor to the TEST HI TEE adapter. 

4. Fnfftr special function 14 to hold the 200 pF range. 

5. Depress the ZERO key and wait until the zeroing 
routiim is complete. 

6. Connect the 200 pF standard capadtor to both TEE 
adapters connected to the TEST HI and LO connectors. 

7. Depress the Cp key and note the capadtance meas¬ 
urement. 

8 . Remove the standard capadtor and connect the 500 

pF capacitor to the bottom of the connector as 

depicted in F^ure 5-2. 

9. Depress the ZERO key and wait until the zeroing 


routine is complete. 

10. With the loachng capadtor connected, agdn con¬ 
nect the 200 pF standard capadtor to both TEE adapters. 

11 . Adjust A5A3L5 until the mdicadon is within ± 02 
pF of the readily in step 7. 

12. Remove the 500 pF loading capadtor and the 200 
pF standard capadtor and repeat steps 5 througih 11 until no 

is required. There may lx some interaction be¬ 
tween the zero operation and the loa^ng adjustment. 

5-48. Phase Detector Board Adjustments. The Phase 
Detector Board has four adjustments: A5A2R26, R30, R33 
and R45. These adjustments are used to calibrate the mag¬ 
nitude (full-scale) and phase of the capadtance and conduc¬ 
tance detectors. 

5-49. Nominal Phase Adjustment, A5A2R26. Perform 
the procedure as follows. 

L the LOSS analog output on the rear panel 

of the 7200 to the oscilloscope mput using a BNC cable. 

2. Set the Oscilloscope for a vertical sensitivity of 1 
volt/div, d.c. coupling and a timebasc of 1 ms/div. 

3. Set bit switch A3S1 position 2 to the OPEN position 
to enable the phase detecor adjustment mode. 

4. Depress the LCL/INIT key to activate the adjust¬ 
ment mode. The display will conatin *740011031 Phase At^ust- 
ment". 

5. Adjust the Oscilloscope’s vertical position control 
until the trace is centered. 

6. Connect a200 pFcs^dtance standard to the TEST 
HI and LO connectors. A square wave should appear in the 
oscilloscope display. 

7. Adjust A5A2R26 for equal amplitude deflection 
above and below the center of the osci ll oscope display. 

8. Set bit switch A3S1 position 2 to the dosed position 
to disable the phase detector adjustment mode. 

5-50, Capacitance Full-scale Adjustment, A5A2R33. 
Perform the adjustment as follows. 

L Connect the CAP analog output on the rear panel of 

the 7200 to the DMM input usii^ a BNC cable and adapter. 

Z Set the DMM to the 20 volts, d.c. range. 
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3. Depress the LCL/INTT key to initialize the instru¬ 
ment. 

4. Vnt^r spedal funcdon 14 to hold the 200 pF range 
and depress the Cp key to display the capacitance measure¬ 
ment 

5. Depress the ZERO key and wait until the zeroing 
routine has completed. 

6 . Connect a 200 pF capacitance standard to the TEST 

HI and LO connectors. 

7. Adjust A5A2R33 until the DMM measurement is 
within±l mV of a voltage equal to the capacitance standrd 
value in pF divided by 100. For example a 159i pF standard 
should produce between 1.994 and 1.996 volts at the CAP 
analog output. 

8 . Remove the 200 pF capacitance standard and ob¬ 
serve the capacitance (Cp) measurement. 

9. Ifthe7200 capacitance (Cp) measurement is greater 
than ± 0.1 pF, repeat steps 5 throu^ a There may be some 
interaction between the zero value and the full-scale adjust¬ 
ment. 

5-51. Minor Phase Adjustment, A5A2R45. Perform the 
adjustment as follows. 

1. Depress the LCmNIT key to initialize the instru¬ 
ment. 

2. special function 14 to bold the 200 S range 
and depress the Cp key to display the capacitance measure¬ 
ment. 

3 . Depress the ZERO key and wait until the zeroing 
routine completed. 

4. Connect a 200 fiS conductance standard to the 
TEST HI and LO connectors, 

5. Adjust A5A2R46 until the capacitance (Cp) meas¬ 
urement is within ± 0.1 pF of the capadtance value of the 200 
fiS omductance standard. 

6 . Remove the 200/<S conductance standard and ob¬ 
serve the capacitance (Cp) measurement. 

7. If the capadtance (Cp) measurement is greater than 
±0.1 pF with the standard disconnected, repeat steps 3 
through 6. There may be some interaction between the zero 
value and the minor phase adjustment. 


5-52. Conductance Full-ecale Adjustment, A5A2R30. 
Perform the adjustment as follows. 

1 . Connect the LOSS analog output on the rear panel 
of the7200to the DMM input using aBNC cable and adapter. 

2. Set the DMM to the 20 volts, d.c range. 

3. Depress the LCL/INTT key to initialize the instru¬ 
ment 

4. Enter spedal function 14 to hold the 200 fiS range 
and depress the Cp key to display the capadtance measure¬ 
ment. 

5 . Depress the ZERO key and wait until the zeroing 
routine has completed. 

6 . C^rin^rt a 200 conductance standard to the 
TEST HI and LO connectors. 

7. Adjust A5A2R30 until the DMM measurement is 
within ± 1 mV of a voltage equal to the conductance stand¬ 
ard value in fiS divided by 100. For example a 199D fiS 
standard should produce between 1.991 and 1.989 vdts at 
the LOSS analog output 

8 . Remove the 200 ;*S conductance standard and ob¬ 
serve the conductance (G) measurement 

9. Ifthe7200 conductance (G) measurement is greater 
than ± 1 fiSy repeat steps 5 throu^ 8. There may be some 
interaction between the zero value and the full-scale adjust¬ 
ment. 

5-53. To complete the calibration of the instrument perform 
the Software Calibration beginning with paragraph 5-3L 

5-54. TROUBLESHOOTING 

5-55. Instrument malfunction will generally be evident from 
the front panel indications or the TF . EE -4^ bus responses. 
The problem will fall into two general categories: 
catastrophic or selective failure of one subsj^tem. 

5-56. Catastrophic failures would generally cause the Model 

7200 to be completely inoperative. For instance, if the 
microprocessor was not operating properly the display may 
meanii^ess symbols and the keylx)ard may be un¬ 
responsive. Such failures arc usually located m the power 
supply circuits intercounecting cables and the CPU c ir c u it r y. 

5-57. Selective failures and performance out of specification 

arc usually limited to one section of the instrument and will 
be c^adent from the performance tests or manipulation of tlw 
front panel controls. For example, incorrect or erratic 
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f^a paritanre Of loss measurements win mdicate worn or cor¬ 
roded connectors particularly at the input connectors. Fur¬ 
ther isolation of a specific problem requires an understanding 
of the Amplified block diagrams detailed in the theory of 
operation section of this manual and experience 
troubleshooting analog and digi t al circuits. 

5-58. Trouble Localization. The circuits m the Model 
7200 are dmded iiUo three sections. 

1. The microprocessor control section that contains 
the CPU, RAM, ROM and support logic. 

2. The analog section that contains the 1 MHz oscil¬ 
lator, measurement ranges, amplifier, phase detectors and 
bias supply. 

3 . The interface section that consists of the power 
supply, keyboard, display, IEEE-488 and analog I/O inter¬ 
face to the analog section. 

5-5$. Self Diagnostic Routines. Four self-diagnostic 
routines have been indued in the instrument to aid the 
troubleshooter. The Option/Test Switch Selections for these 
tests are shown in Table 3-5. 

5-60. Lamp Test. In the lamp test all front pa^ LEDs and 
vacuum florescent display indicators are illu minate d. To ac¬ 
tivate this test set bit switch A3S1 position 1 to OPEN and 
depress the LCLANIT key. 

5-61, Keyboard Test. In the keyboard test a numerical 
code is disfdayed udien each key is pressed. Table 5-13 Usts 

the code for each key. To activate this test set bit switch A3S1 

position 3 to OPEN and depress the LCUINIT key. 

5-62. DAC Test In the DAC test all D/A converters, 
A3U25, A3U27 and A3U35, on the Contrd PWA generate 
repetitive ramp outputs. The output of each converter can be 
measured nting an oscilloscope. To activate this test set bit 
switch A3S1 position 1 and 3 to OPEN and depress the 
LCL/INITkey. 

5-63. Detector Linearity Test. This lest is designed to test 
the linearity of the zeroing D/A converters, phase detectors 
and A/D converter. The zeroi^ D/A converters are alter¬ 
nately set to positive and negative full-scale values while the 
A/D converter measures the results. A malfunction will be 


Table 5-13. Key Codes. 


KEY 

CODE 

LCL 

00 

G 

01 

7 

03 

8 

04 

9 

05 

S/liiS 

06 

SPCL 

07 

BIAS ON 

08 

Q 

09 

4 

11 

5 

12 

6 

13 

mV/pF 

14 

Cp 

15 

INT 

16 

PRGM 

17 

1 

19 

2 

20 

3 

21 

CLR 

22 

Cs 

23 

EXT 

24 

ZERO 

25 

0 

27 

. 

28 


29 

ENTER 

30 

SHIFT 

31 


indicated by a large difference between the absolute value 
(ignore the polarity) of the (tisplayed numbers. Diffcren^ 
of 10 counts or less are typical of a properly fu n c tion i ng 
To activate this test set lat switch A3S1 position 
1 and 2 to OPEN and depress the LCL/INTT key. 
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6>1. INTRODUCTION. symbol, description, manufacturer, and both the BEC and 

manufacturer part numbers. Table 6*1 lists the 
6-2. The replaceable parts for the Model 7200 arc listed in manufacturer's federal supply code numbers. 

Table 6-Z The replaceable parts list contains the reference 


Table 6-1. Manufacturer’s Federal Supply Codes. 


00213 

Nutronics 

32293 

Intersil, Inc. 

00779 

Amp 

32575 

AMP 

01121 

Allen Bradley 

32997 

Bourns 

01295 

Texas Instruments 

33297 

NEC 

02735 

RCA Solid State Division 

33883 

RMC 

03888 

Pyrofilm (KDI) 

51406 

Murata Corporation of America 

04222 

AVX Ceramics Company 

51640 

Analog Devices, Inc. 

04713 

Motorola Semiconductor 

54420 

Dage - MTt 

04901 

Boonton Electronics Corporation 

54426 

Buss Fuses 

05245 

Gorcom 

54473 

Panasonic 

06383 

Panduit Corporation 

56289 

Sprague Electric Company 

06665 

Precision Monolithics 

57582 

Kahgan Electronics Corporation 

06776 

Robinson Nugent, Inc. 

59474 

Jeffers 

07263 

Fairchild Semiconductor 

59660 

Tusonix 

11961 

Semicon 

61529 

Aroma 

13919 

Burr Brown 

61637 

Kemet - Union Carbide 

14655 

ComeU-Dubilier 

61935 

Shurter 

14752 

Electro Cube, Inc. 

64155 

T jnaar Technology Corp 

15542 

Mini Circuits 

64537 

Pyrofilm (KDI) 

15636 

Elec-Trol 

71450 

CIS Corporation 

17117 

EMC 

73138 

Beckman Instruments 

17856 

Siliconb^ Inc. 

74970 

E. F.Johi^a 

18324 

Signetics Corporation 

75915 

Littlefuse 

18542 

Coco-Wabash Relay 

81073 

Grayhill 

19505 

Applied Ex^r. Products 

81654 

Monitor Products 

19701 

Mepco Electra 

82389 

Switchcrafi: 

20307 

Arco - Micronics 

91637 

Dale Electronics 

24226 

Gowanda Electronics 

94322 

Tel Labs Inc 

24355 

Analog Devices 

95348 

Gordos Corporation 

27014 

National Semiconductor 

98291 

Sealectro Corporation 

27264 

Molex, Inc. 

S4217 

United Chemicon, Inc. 

28480 

Hewlett-Packard Corporation 

DIGIK 

Di^-Key 

31091 

Opdmax 

HTTAC 

Hitachi 

31313 

Components Corporation 

NDK 

NDK 

31918 

ITT Schadow, Inc. 

TOSHI 

Toshiba 
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REF DESCRIPTION 
INFO 


FED MFGPART 


COMPONENT MRT NO. 


072S0100B REV: BO FRAME ASSY 7200 
MODEL: 7200 


REFBtENCE 

DESIGNATOR 


DESCRIPTION 

FED. 

CODE 

MANUfACTURER 

PART NIMBER 

BEC 

MRT NUMBER 

PWA 7600’ aV. POWER SUPPLY 

FRONT PANEL ASSY 7200 

PWA 7200' CONTROL 

PWA 72W MOTHER 
‘7200’ REAR PANa ASSY 

CABLE ASSY COAX (YEL) 6.375L 

CABU ASSY CCAX (BRf^ 5.37SL 

CABLE ASSY CCAXRG316/U 4.00L 

CABLE ASSY COAX (GRY) 13.75L 

CABLE ASSY CCAX RG316/U 4.00L 

CABLE ASSY FLAT 34 CKT 3.00L 

04901 

07643200A 

07643200A 
07236000A 
07231000C 
07231300B 
07230200C 
57224802A 
57224804A 
57228700A 
57224803A 
5722860QA 
92017900A 


07230200C 
MODEL: 7200 

REFBZENCE 

DESIGNATOR 

Cl 

FI 

F2 

FL1 

J16-18 

PI 

T1 

W15 

W16 

XF1B-28 


REV: AO '7200* REAR MNEL ASSY 


DESCRIPTION 

CAP PE 0.1 uF 20% 250VDC 
FUSE S/8A(Q.S75A) 250V SLO-BL 
FUSE 1/16A (0.0626^ 260V S-B 
FOER LINE 
CONN F COAX BNC 
CONNECTOR 5 CIRCUIT 
TRANSFORMER POWER 
CABLE ASSY WIRE 24GA 6C S.OOL 
CABLE ASSY WIRE 24GA 4C 5.75L 
FUSE CARRIER GRAY 1/4 X M /4 


FED. 

MANUFACTURER 

BEC 

CODE 

PART NUMBER 

PART NUMBER 


ECQ-U2A104M 

234201OOA 
546532000 

54426 

MDL1/16 

545518000 

05245 

3EF1 

439004000 

54420 

U6-625B/U 

479123000 

06383 

CE156F24-5-C 

479394000 

44610000A 

57127100A 

6712720QA 

SCHUR 

FEKD31.1666 

482114000 


07230300B REV: AA ‘7200’ POWER SWITCH ASSY 
MODEL: 7200 


REFERENCE 

DF&WSMWOR 


DESCRIPTION 

SWnCH ROCKER DPDT (GRAY) 


MANUFACTURER 
PART NUMBER 

7201-J1-Z-O-E-9 


BEC 

PART NUMBER 
46532200A 


07230600A 
MODEL: 7200 

REFERENCE 

DESIGNATOR 

DS1 

DS2-5 

DS6 

J2 

R1 

SI-2,7-23 
S3-6.24-28 


REV: F* PWA'7200'KEYBOARD 


DESCRIPTION 

LED GRN/ORN DIFF 
LED RED DIFF 5082-4484 
LED YELLOW DIFF 5082-4684 
CONNECTOR 22 CONTACT 
RESMF d32 0HM1%1/4W 
SWITCH PUSH BUTTON W/O LED 
SWITCH PUSH BUTTON W/LED 


MANUIVCTURER 
PART NUMBER 

LNl 1WP38 

HLMP-1301 

HLMP'1401 

22-02-2225 

5043ED332ROF 

200330 

200480 


BEC 

PART NUMBER 

53604400A 

536024000 

536034000 

479428000 

341250000 

465294000 

465293000 
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07230800B 

REV: DE PWA‘7200’AMPUFIER 



MODEL; 7200 




REFERENCE 


FED. 

MANUFACTURER 

DESIGNATOR 

DFSCRIPTION 

CODE 

PART NUMBER 

Cl.17-19, 

CAP CER 0.001 UF 500V TOL 

33883 

BGZ6UGMV 

C2 

CAP MICA lOOpF 5% 600V 

14656 

CM05FD101J03 

C3,6 

CAP MICA S.OpF +-1 .OpF 600V 

14655 

CD10CD050D03 

C4,14-16, 

CAPCER1.0uF20%50V 

04222 

SR305E106MAA 

C6 

CAP MICA 680pF 1 % 300V 

14666 

CD15FC661F03 

C7.9 

CAP MICA 82pF 1%500V 

14655 

CD15ED820F 

C8 

CAP MICA 10OOpF 1 % &00V 



CIO 

CAP MICA 56pF 6% 300V 

14666 

CDSEC660J 

C13 

CAP MICA 0.01 uF 1 % 500V 

14666 

CD30FD103F03 

C20-31 

CAPCER1.0uF20%50V 

04222 

SRdOSEIOSMAA 

CRl-7. 

DIODESIG1N914 

01295 

1N914 

CR8-13 

DIODE SIG FDH-300 

27014 

FDH300 

CR14-15 

DIODE HSCH1001 (1N6263) 

28480 

HSCH-1001 

Jl-ll 

SOCKET SPRING COMP LEAD .072 

32575 

1-332070-7 

K1-3 

RELAY REED 15V PSEUDO FORM ‘C’ 

18542 

1632-3-1 

LI .6-10 

INDUCTOR 2.2mH 

00213 

WEE2200 

L2 

INDUCTOR VAR 28-60UH 

96804 

9064 

L3 

INDUCTOR 220UH 5% 

\69474 

1315-20J 

L4 

INDUCTOR VAR 14-28uH 

96804 

9053 

LS 

INDUCTOR VAR 1.S-3UH 

96804 

9050 

01.3 

TRANS NPN 2N3904 

04713 

2N3904 

02.4 

TRANS PNP 2N3906 

04713 

2N3906 

05 

TRANS FET 2N4221A N-CHAN 

27014 

2N4221A 

R1-4 

RESMF10.0K1%1/4W 

19701 

5043ED10K00F 

R5 

RES MF 4.99K1%1/4W 

19701 

5043ED4K990F 

R6,10,19, 

RES MF2.49K1%1/4W 

19701 

5043ED2K490F 

R7 

RES MF1000HM1%l/4W 

19701 

5043ED100ROF 

R8 

RESMF1Q0K1%1/4W 

19701 

5043ED100K0F 

R9.18 

RES MF 499 OHM 1% 1/4W 

19701 

6043ED499R0F 

R11,16,20 

RES MF 100 OHM 0.1% 1/8W 

64537 

PME55-T9 

R12 

RES MFS.01K1%1/4W 

19701 

5043ED3K010F 

R13.22 

RESMF1.000K0.1%1/8W 

64537 

PME55-T9 

R14 

RES MF 683.8 OHM 0.1% 1/8W 

91637 

CMF-55-683R8-B-T9 

R15 

RESMF216.2OHM0.1% 1/8W 

91637 

CMF-55-216R2-B-T9 

R17 

RES MF2150HM1%1/4W 

19701 

6043ED215R0F 

R21 

RESMF2.49K1%1/4W 

19701 

5043ED2K490F 

R23 

RE8MF499K1%1/4W 

19701 

5043ED499K0F 

U1 

1C 419 ANALOG SWITCH 

17856 

DG-419-DJ 

XU1 

SOCKET 1C 8 PIN 

06776 

ICN-0e3-S3-G 


BEC 

PART NUMBER 


224114000 

200001000 

200043000 

224264000 

200015000 

200107000 

20053300A 

206031000 

203017000 

224264000 

530058000 

530052000 

530174000 

479333000 

47104800A 

400141000 

400377000 

400319000 

400231000 

400232000 

528071000 

528076000 

528063000 

341400000 

341367000 

341338000 

341200000 

341500000 

341267000 

324118000 

341346000 

324241000 

32422300A 

32416400A 

341232000 

341338000 

341667000 

5345240QA 

'473041000 



Section 6 


Parts List 


07230900A REV: DO PWA‘7200'OSCILLATOR 
MODEL: 7200 

REFBtENCE 

nPSISNArOft DESCRIPTION 

Cl 6 10. CAP CER 0.1 UF 20% 60V 

C2 CAP CER 1 .OUF 20% 60V 

C3 CAPMICA240pF5% 500V 

C4 CAPMICA390pF5% 600V 

C6 9 CAPMICA2700pF6%S00V 

C 7 I 8 CAP MICA 3900pF 5% 600V 

C12-1S CAPCER0.1UF20%60V 

C14 CAPMICA10pF5%S00V 

C16 CAPMICA20pF6%aoOV 

CRl-2.6-6 DIODE81G1N914 

CR3-4 DIODE HSCHlOOl (1N6263) 

SOCKET SPRING COMP LEAD .072 
K1.2 RELAY DUAL FORM-C-12V 

L1 INDUCTOR 470UH 6% 

L2 INDUCTOR lOOuH 6% 

LS-5 INDUCTOR 16uH 10% 

Q1 TRANS NPN MPS-U05 

02 TRANS NPN 2N3866 

QS TRANS NPN 2NS904 

R1 RES COMP 6.6 OHM 6% 1 /4W 

R2 RESMF1.00K1%1/4W 

RS^ RESMF1.00M1%1/4W 

RS RESMF200K1%1/4W 

R 3.7 RESMF10.0K1%1/4W 

R 8 RES MF 60.00 OHM 0.1 %1/4W 

r\214 res MFl 60.6 OHM 0.1% 1/8W 

R13 RES MF S7.360HM 0.1% 1/8W 

R17 RESMF32.4K1%1/4W 

R1820 RES MF 96.26 OHM O.l % 1/8W 

R19 RES MF 71.16 OHM 0.1% 1/8W 

Ti XFORMERRF(Tn- 6 -X 66 ) 

U1 IC 78L05 VOLT REG 

U2 (G)IC 3668 OP AMP SELECTED 

XU2 SOCKET IC 8 PIN 

Yi CRYSW. OSC 1.000 MHz 


04222 

04222 

14665 

67682 

14665 

14655 

04222 

14655 

14655 

01295 

28480 

32675 

AROMA 

00213 

59474 

00213 

04713 

04713 

04713 

01121 

19701 

19701 

19701 

19701 

64537 

64637 

64637 

19701 

64637 

64637 

16642 

07263 

04901 

06776 


MANUFACTURER 
PART NUMBER 

SR215E104MAA 

SR30SE105MAA 

CD16FD241J 

KD16391J501 

CD19-272J 

CD19FD392J 

SR21SE104MAA 

CD6CC100J 

CD6CC200J 

1N914 

HSCH-1001 

1-332070-7 

TQZE-12V 

NVEE-470 

1316-12J 

WEE-15 

MPS-U05 

2N3866 

2N3904 

CB56G5 

5043ED1K000P 

5043ED1M00OF 

S043ED200K0F 

5043ED10K00F 

PME56-T9 

PME65-T9 

PME66'T9 

5043ED32K40F 

PME56-T9 

PME66-T9 

ni-6STYl£X66 

UA78L05AWC 

536062000 

ICN^3-53-G 


BEC 

PART NUMBER 

224268000 
224264000 
200506000 
200108000 
200517000 
200523000 
224268000 
205002000 
206017000 
530068000 
630174000 
479333000 
47106100A 
400116000 
400295000 
400175000 
528081000 
528116000 
628071000 
343072000 
341300000 
341600000 
341529000 
341400000 
325916000 
3259380QA 
32693500A 
341449000 
32S93700A 
32693600A 
41009401A 
536044000 
635062000 
473041000 
S4790506A 


07231OOOC 
MODEL: 7200 

REV: AH PWA *7200’CONTROL 

F^D. 

MANUFACTURER 

BEC 

REFBtENCE 

Q^iSIGNATOR DESCRIPnON 

COPE 

PART NUMBER 

PART NUMBER 

BT2 

Cl .3-4, 

C2.10 

C5-6,33-34 

C7 

C8 

C9 

CELLUTHIUM3V 

CAP CER 0.1UF20%60V 
CAPIANT4.7uF10%10V 
CAPEL100uFa0%25V 

CAP CER 3900pF10%100V 

CAP MICA 660pF1% 300V 

CAP MtCA2200pF 6% 500V 

64473 

04222 

66289 

S4217 

61637 

14665 

57682 

8R2326-1HB 

SR216E104MAA 

1960476X9010HA1 

SM-RS-VB-IOIM 

C062K392K1X5CA 

CD15FC661F 

KD19222J501 

566007000 

224268000 

283226000 

283334000 

224319000 

200091000 

200525000 





Parts List 


Section 6 


07291000C REV: AH PWA 7200’CONTROL (CONT.) 
MODEL: 7200 


REFERENCE 


FED. 

MANUFACTURER 

HFSieNATOR DESCRIPTION 

CODE 

PART NUMBER 

Cl 1-92, 

CAPCER 0.1uF20%50V 

04222 

SR216E104MAA 

C35-36 

CAP CER 0.01 UF 20% 500V 

99889 

BGPZ6UW/FDCL 

C37-99,56. 

CAP1ANT1.0uF10%96V 

66289 

199D105X9096AA2 

C40-43,57 

CAPCER 0.1uF20%SOV 

04222 

SR215E104MAA 

C44-45 

CAP EL 2200UF 20% 9SV 

57582 

ICSM-2200-96 

C46 

CAP EL 4700uF 20% 16V 

$4217 

SM-16-VB-4700M 

C47 

CAPCER0.001UF 10% 100V 

04222 

SR161C102KAA 

C48-49 

CAPMICA270pF5%60V 

57582 

KD6271J101 

C60^4 

CAPIANTIOuF 20% 25V 

56289 

196D106)aX)25KA1 

C58 

CAPW4T1.0UF10%96V 

66289 

199D106X9095AA2 

CS9-61 

CAPCER 0.1uF20%S0V 

04222 

SR215E104MAA 

CR1-3 

DIODE diG1N914 

01295 

1N914 

CR4-5, 

DIODE SIG FOH-900 

27014 

FDH900 

CR6-7 

DKXX BRIDGE RS-AOIS (FWLD-50) 

11961 

FWIA60 

CR8-10,12, 

DIODE SIG 1N4001 

04719 

1N4001 

CR11,19 

DIODE ZENER 1N6242B 12V 6% 

04719 

1N5242B 

CR14-17 

DIODE SIG 1N4001 

04719 

1N4001 

CR18 

DIODE ZENER 1 N&291B 5.1V 5% 

04719 

1N6231B 

CR19-22 

DIODE SIG FDH-900 

27014 

FDH900 

DS1-4 

LED YELLOW DIFF 5082-4684 

28480 

HLMP-1401 

J8 

CONN M 40 CKT HDR DBL ROW .1CT 

06776 

NSH-40DB-S2-TG 

J9 

CONN M 94 CKT STR LATCH 4 WALL 

06776 

IDH-94PK2-S9-T690 

J10 

CONN F 24 CKT RT ANGLE PC MTG 

00779 

559119-1 

J11.12 

CONNECTOR 20 PIN STRAIGHT 

27264 

22-09-2201 

J15 

HEADER 5 PIN STRAIGHT 

06983 

MPSS166-5-D 

Q1 

TRANS PNP 2N4409 

04713 

2N4409 

R1.S 

RES NETWORK 9.9K 2% 1.5W 10pIn 

71450 

760-101-R9.9K 

R2 

RESMF1000HM1%1/4W 

19701 

S049ED100ROF 

R3 

RES MF1.00K1%1/4W 

19701 

S043ED1K00OF 

R4.6 

RESMF992 0HM1%1/4W 

19701 

6049ED992R0F 

R7 

RES NETWORK 9K/6.2K 2% 2.7W 

79138 

L106-5-R3IU6.2K 

R8 

RESMF 56.2K1% 1/4W 

19701 

5049ED56K20F 

R9,20 

RES MF2.00K1% 1/4W 

19701 

5049ED2K000F 

RIO-19. 

RES MF5.000K0.1% 1/8W 

64637 

PME56-T9 

R14 

RES MF SOT OHM 1 % 1/4W 

19701 

5049ED901R0F 

R16 

RES NETWORK 10K .T% 1.6W 16pln 

79138 

698-9R10KD 

R16-17 

RESMF 1.65K1%1/4W 

19701 

5049ED1K650F 

R18-19 

RES MF6.81K1% 1/4W 

19701 

5049ED6K810F 

R21-22 

RES MF5.000K0.1% 1/8W 

64597 

PME56-T9 

R60-61 

RESMF5.000K0.1% 1/8W 

64537 

PME56-T9 

SI 

SWITCH ROCKER (8 SW] 

81079 

76SB08S 

TP1-26 

TERMINAL WIRE LOOP TEST POINT 

91319 

TP-103-02 

U1 

1C 74F199 DUAL 1 OF 4 DECODER 

07263 

74F139PC 

U2 

1C RAL CONTROL 18CV8 



U3 

1C 74LS148 8 TO 3 UNE ENCODER 

01296 

SN74LS148N 

U4 

1C 74HCT09 QUAD 2 INPUT NAND 

18924 

74HCT09N 

U5 

1C 74HCT02 QUAD 2 INPUT NOR 

18924 

74HCT02N 

U6 

1C 74LS99 DIVIOE BY 16 COUNTER 

01295 

SN74LS99N 

U7 

1C 7706 SUPPLYVOLTASE SUPVR 

01295 

a7706ACP 

U8 

1C 68HCOOOCP 

HI1AC 

HD68HC000CP-10 

U9,14 

1C 74HCT00 QUAD NAND 

02795 

CD74HCT00E 

mo 

iC EPROM 7200 PROG 1 



U11 

1C EPROM 7200 PROG 2 



012-19 

ICTC 66267 PL-10 

T05HI 

TCS6267APL-10 

016 

IC EEPROM 28C64 CMOS 200nS 

04901 

69451OOOA 

016,21 

IC 74LS541 OCTAL BUFFER 

01295 

SN74LS541N 

017 

ICPSL 169 7200 PROG 



018 

IC 7679 AUTO BATTERY BACKUP SW 

92299 

ICL7673CFA 

019,29 

IC 74LS138DECDR/MPX 

01295 

SN74LS198N 

020 

IC 74LS645 TRANSCEIVER 

01295 

SN74LS645N 


BEC 

PART NUMBER 

224268000 
224271000 
283216000 
224268000 
289961000 
289962000 
224270000 
205045000 
289299000 
289216000 
224268000 
690068000 
690052000 
692028000 
690151000 
690146000 
690151000 
690169000 
690062000 
696094000 
47742240A 
47741494A 
47947824A 
477997000 
477945000 
528122000 
346090000 
941200000 
941900000 
341250000 
945091000 
941472000 
941929000 
924926000 
941246000 
946010000 
341921000 
941980000 
324926000 
324926000 
466289000 
46990600A 
53448000A 
53464500A 
634234000 
59444212A 
59444211A 
694230000 
59442200A 
59449200A 
59444207A 
S9459000B 
59459100B 
S3449400A 
59451OOOA 
594981000 
53464400A 
53448500A 
594246000 
594982000 
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Section 6 


Parts List 


072A1000C REV: AH PWA‘7200’CONTROL (CONT.) 
MODEL: 7200 


REFBtENCE 


FED. 

MANUFACTURER 

BEC 

DESIGNATOR DESCRIPTION 

CODE 

PART NUMBER 

PART NUMBER 

U22 

1C 74LS244 OCT BUFFSOJNE DRVR 

01295 

SN74LS244N 

534247000 

U24,26 

1C 74HCT674 OCTAL LAICH 

02735 

CD74HCT674E 

53444215A 

U2S,27,d9 

1C CAC725JP DUAL D/A CONVERTER 

13919 

DAC725JP 

5d514500A 

U28 

ICAD7582KN12BIT/VD 

24355 

AD7682KN 

53512800A 

U29 

1C 9914ANL m BUS PROCESSOR 

01296 

TMS9914ANL 

534288000 

USO 

1C 0P07EP OPAMP 

0666S 

OP07EP 

535110000 

U31 

1C 75160 lES BUS TRANSCEIVER 

01295 

SN76160BN 

534286000 

U32 

1C 75161 IEEE BUS TRANSCEIVER 

01295 

SN76161BN 

534287000 

U33-35 

ICUA7806UCVOLrREG 

07263 

UA7806UC 

53511700A 

U36 

IC79M05VOLTREG 

07263 

UA79MOSAUC 

535093000 

U37 

1C TL072BCP DUAL OP AMP 

01295 

TL072BCP 

535102000 

U38 

ICADSdUHVOUREF 

51640 

AD581JH 

535053000 

U40-41 

1C 7406 HEX INVERTER 

01295 

SN7406N 

534067000 

XR15 

SOCKET 1C 16 PIN 

06776 

ICN-163-53-G 

473042000 

XSl 

SOCKET 1C 16 PIN 

06776 

CN-163-S3-G 

473042000 

XU1,3.19, 

SOCKET 1C 16 PIN 

06776 

CN-163-33-6 

473042000 

XU2.16-17, 

SOCKET 1C 20 PIN 

06776 

ICN-203-S3-6 

473065000 

XU4-6,9,14 

SOCKET 1C 14 PIN 

06776 

ICN-143-S3-G 

473019000 

XU7,18,30, 

SOCKET 1C 8 PIN 

06776 

ICN-083-Sd-G 

473041000 

XU8 

SOCKET 1C 68 PIN CER CHIP CARR 

32575 

641749-2 

47308168A 

XUIO-13,15 

SOCKET 1C 28 PIN 

06776 

ICN-2B6-34-G 

473044000 

XU20-22.24 

SOCKET 1C 20 PIN 

06776 

ICN-203-S3-G 

473065000 

XU23 

SOCKETIC16PIN 

06776 

ICN-163-S3-G 

473042000 

)aJ2S,27-28 

SOCKET 1C 28 PIN 

06776 

ICN-2B6-S4-G 

473044000 

XU26,31-32 

SOCKET 1C 20 PIN 

06776 

ICN-203-S3-G 

473065000 

XU29 

SOCKET 1C 40 PIN 

06776 

ICN-406-S4-TG 

473052000 

XU37 

SOCKET 1C 8 PIN 

06776 

iCN-oes-ss-G 

473041000 

XU38 

SOCKET TRANSISTOR 3 CIR TO-18 

EMC 

7003-265-5 

47307800A 

XU39 

SOCKET 1C 28 PIN 

06776 

ICN-286-S4-G 

473044000 

XU40-41 

SOCKET 1C 14 PIN 

06776 

ICN-143-S3-G 

473019000 

Y1 

CRYSTAL OSC 18.432 MKz TTL DIP NDK 


TD1100C18.432 

54790602A 


07231200A 

REV: DO PWA *7200'DETECTOR 




MODEL: 7200 





REFSENCE 


FED. 

MANUFACTURER 

BEC 


DESCRIFT1QW 

CODE 

PART NUMBER 

PART NUMBE 

C2 

CAP MICA 200pF 1% lOOV 

14655 

CD5FA201F 

205041000 

C3 

CAPMICA56pFS% 300V 

14655 

CD6EC560J 

205031000 

C4-6,7-8, 

CAPCER1.0uF20%60V 

04222 

$R306E106MAA 

224264000 

CIO,23-24 

CAP lACA 680pF 1 % 300V 

14655 

CD16FC661F03 

200015000 

C11-14, 

CAPCER1.0uF20%50V 

04222 

SR305E105MAA 

224264000 

C15-16 

CAPMICA39pF5% 300V 

14655 

CD5EC390J 

205044000 

C21-22 

CAP MICA lOOOpF 1% 100V 

51406 

DM16-102F 

200113000 

C25-26 

CAP CS 1 .OUF 20% 60V 

04222 

SR305E105MAA 

224264000 

CR1-2 

DIODE DKV6522A 

31091 

DKV6622A 

530769000 

CR5 

DIODE HSCH1001 (1N6263) 

28480 

H5CH-1M1 

530174000 

J1-11 

SOCKET SPRING COMP LEAD .072 

32575 

1-332070-7 

479333000 

LI 

INDUCTOR 2.2mH 

00213 

WEE2200 

400141000 

Q1 

TRANS NPN 2N3904 

04713 

2N3904 

528071000 

Q2 

TRANS PNP 2Nd906 

04713 

2N3906 

528076000 

R3 

RES MF1XOHM1%1/4W 

19701 

5043ED100R0F 

341200000 

R4-5,25 

RES MF 200 OHM 0.1% 1/8W 

64537 

PME56-T9 

324162000 

R6 

RES MF 845 OHM 1% 1/4W 

19701 

5043ED845R0F 

341289000 

R12 

RES MF 499 OHM 1% 1/4W 

19701 

5043ED499R0F 

341267000 

R13.36 

RES MF2.49K1%1/4W 

19701 

5043ED2K490F 

341338000 

R14 

RES MF 683.8 OHM 0.1% 1/8W 

91637 

CMF-56-683R8-B-T9 

32422300A 

RIS.31,34 

RESMF1000HM0.1%1/8W 

64537 

PME55-T9 

324118000 

R16 

RESIva:2.00K1%1/4W 

19701 

5043ED2K000F 

341329000 

R18-19.44 

RESIVF10.0K1%1/4W 

19701 

5043ED1OKOOF 

341400000 
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Parts List 


Section 6 


07231200A 
MODEL: 7200 

REFERENCE 

DESIGNATOR 

REV: DD PWA *7200' DETECTOR (CONT.) 

DESCRIPTION 

FED. 

CODE 

MANUFACTURER 

BEC 

PART NUMBER 

R26 

RESVAR5K10%0.5W 

76168 

72PR6K 

611608000 

R29,d7 

RES MF 20.00K 0.1 % 1/8W 

03888 

PME65-T9 

62691800A 

Rdo.Rsa 

RES VAR SOO OHM 10% 0.5W 

76168 

68WR600 

31142500A 

R32,38 

RES MF2.000K0.1% 1/8W 

64667 

PME5&-T9 

324275000 

RdS 

RESMF4.99K1% 1/4W 

19701 

5046ED4K990F 

341367000 

Rd9-40 

RES MF10.sk 1% 1/4W 

19701 

5046ED10KS0F 

341402000 

R4M2 

RES MF5.62K1%1/4W 

19701 

5046ED6K620F 

341372000 

R43 

RESMF 567.4 ohm 0.1% 1/8W 

64567 

PME&5-T9 

326901000 

R45 

RES VAR 600 OHM 10% 0.5W 

76168 

72PR500 

311305000 

RTl 

THERMISTOR IK 1% 

94622 

081 

325006000 

n 

XFORMER RF (rT1-6-X65] 

16642 

TT1-6 81YLEX65 

41009401A 

TP2.6-n 

TERMR4AL WIRE LOOP TEST POINT 

61616 

TM 03-02 

4836060QA 

U1 

1C 419 ANALOG SWITCH 

17856 

DG-419-DJ 

53452400A 

U6-7 

1C MPVSSAKP 4 QtMD ANALOG MULT 

16919 

MPy664KP 

6345190QA 

U8-9 

(G) fC S668 OP AMP SELECTED 

04901 

635062000 

635062000 

uto 

1C 692 T»4PERAIURE TRANSDUCER 

61640 

A0692AN 

63514700A 

XU1.8-9 

SOCKET 1C 8 RN 

06776 

ICN-OSS-Sa-G 

473041000 

XU6-7 

SOCKET 1C 14 PIN 

06776 

ICN-143-S6-G 

473019000 


072313008 

REV: CD PWA‘7200’MOTHER 




MODEL: 7200 





REFERENCE 


FED. 

MANUFACTURER 

BEC 

DESIGNATOR 

PESCRIPnON 

CODE 

PART NUMBER 

PART NUMBER 

C1.12 

CAPIANT1CKjF10%36V 

56289 

196D106X903PE4 

283353000 

C2.7 

CAP EL lOOuF 20% 25V 

S4217 

SM-25-VB-101M 

283334000 

C3-4,8-9 

CAPCER 1.0uF20%SOV 

04222 

5R306E105MAA 

224264000 

C6-6 

CAP CER 0.22uF 10% 200V 

61637 

C340C224M2R5CA 

2243920QA 

CIO 

CAPCER 0.1 uF 20% 60V 

04222 

SR215E104MAA 

224268000 

C11 

CAP CER 0.001 uF 500V TOL 

63883 

BGZ5UGMV 

224114000 

CR1-9 

DIOOESIG1N914 

01295 

1N914 

530058000 

FI 

FUSE 3/10A(0.3A) 126V MICRO 

75916 

273.300 

54554212A 

FH1 

FUSEHOIDER PWB VERT MOUNT 

76915 

281005 

4a211801A 

J1-2 

CONNECTOR 20 RN 

27264 

22-02-2205 

479399000 

J3 

CONN M 06 CKI ST POL2 .1CT 

06383 

MPS8100-6^ 

47740706A 

J4-32 

SOCKET SPRING COMP LEAD .072 

32575 

1-332070-7 

479333000 

K1-2 

RELAY REED 15V PSEUDO FORM 'C 

18542 

1632-3-1 

47104600A 

LI 

INDUCTOR 560UH 5% 

00213 

WEE-560 

400183000 

Q1 

TRANS NPN D44H11 

04713 

D44H11 

52816100A 

02 

TRANS PNP MPS-U60 

04713 

MPSU60 

528096000 

03 

TRANS NPN MPS-U10 

04713 

MPSU10 

528097000 

04 

TRANS PNP 2N3906 

04713 

2N3906 

528076000 

05 

TRANS NPN 2N3904 

04713 

2N3904 

528071 OX 

06 

TRANS NPN MM3001 

04713 

MM3001 

5281400X 

07 

TRANS PNP MM4001 

04713 

MM4001 

528141 OX 

R1,4 

RES MF1.00K1%1/4W 

19701 

5O4dED1KOO0F 

3413X0X 

R2-3 

RES MF 33.2 OHM 1%1/4W 

19701 

5043ED33R20F 

3411500X 

R5-6,9-12 

RES MF10.0K1%1/4W 

19701 

5043ED10K00F 

3414XX0 

R7-8 

RESMF 6.11K1%1/4W 

19701 

5043ED5K110F 

3413680X 

R13 

RES MF 681 OHM1%1/4W 

19701 

S043ED681R0F 

341280X0 

R14 

RES MF 200 0HM1%1/4W 

19701 

SO43ED200R0F 

341229X0 

R15 

RES MF 600.0K0.1%1/2W 

64537 

PME60-T9 

3405640X 

R17 

RESMF 40.00K 0.1%1/eW 

64537 

PME65-T9 

32591900A 

R18 

RES MF160.0K0.1%1/8W 

64537 

PME55-T9 

325921OOA 

R20-21 

RES MF 4.000K0.1%1/8W 

64537 

PME55-T9 

32431 SOX 

R22 

RESMF1.000K0.1%1/8W 

64637 

PME55-T9 

324241 OX 

R24 

RESMF 806OHM1%1/4W 

19701 

5043ED806R0F 

3412870X 
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Parts List 


07231300B 

REV: CD PWA'7200'MOTHER 




MODEL: 7200 





RFERENCE 


FED. 

MANUmCTURER 

BEC 

DESIGNATOR 

DESCRIPTION 

CODE 

IWT NUMBER 

MtT NUMBER 

R25.27,35 

RE3MF2.44K 0.1%1/8W 

64537 

PME65-T9 

32S94600A 

R26.28,36 

RESMF1.69K0.T%1/BW 

64537 

PME55-T9 

32594600A 

R3T 

RES NETWORK 22K 2% 1.5W 

71450 

750-61-R22K 

345037000 

R32-33 

RESMF243 0HM1%1/4W 

19701 

5043ED243R0F 

341237000 

R34 

RESMF20.0K1%1/4W 

19701 

5043a:>20K00F 

341429000 

R37 

RESMF4.99K1%1/4W 

19701 

5043ED4K990F 

341367000 

R38 

RESIWV2.49K1%T/4W 

19701 

5043ED2K490F 

341338000 

U1 

1C 1013 DUAL PRCN OPMAP 8 DIP 



S3512400A 

U2 

IC419ANALOG SWITCH 

17856 

DG-419-DJ 

53452400A 

XU1-2 

SOCKET 1C 8 PIN 

06776 

ICN-083-S3-G 

473041000 


07231600B 

REV: BB '7200' HOUSING DETECTOR ASSY 




MODEL: 7200 





REFSENCE 


FED. 

MANUFACTURER 

BEC 

PESIONAJOR 

DESCRICTION 

CODE 

PART NUMBER 

PART NUMBER 

Cl-15. 

CAPFTaOOOpFTOOV 

32S7S 

659617-1 

227123000 

C16 

CAP FT 2000pF MIN 300V 



2271250QA 

Cl 7-23 

CAPFT3000pF 100V 

32575 

669617-1 

227123000 

J1-3,11-14 

CONNECTOR -SMB" SO OHM 

19505 

2019-7511-000 

477305000 

W2 

CABLE ASSYWRE 24GA3.50L YEL 



57126503A 

W4 

CABLE ASSY WRE 24GA 3.50L BRN 



5712$S01A 

W5 

CABUASSYWRE 24GAd.OOLVIO 



5712560SA 

W8 

CABLE ASSY WIRE 24GA3.87L RED 



57126502A 

W9 

CABLE ASSY WIRE 24GA 2.12L WHT 



57125607A 

W12 

CABLE ASSY WIRE 24GA 2.12L GRN 



57125504A 

W18 

CABLE ASSY WIRE 24GA 1.50L GRY 



57125506A 


07231S00A 

REV: AA 7200’HOUSING ASSY 




MODEL: 7200 





REFRENCE 


FED. 

MANUFACTURER 

BEC 

DESIGNATOR 

PESgRIPTION 

CODE 

RART NUMBER 

RART NUMBER 

J4-7 

CONN FCCAX BMC 

54420 

UG-625WU 

479123000 

T1 

7200’TOROID TEST ASSY 



07232400A 


072S1900A 
MODEL: 7200 

REV: AA 7200' COVER ASSY 




REFBtENCE 

DESIGNATOR 

DESCRIPIIQM 

FED. 

COPE 

MANUFACTURER 

RART NUMBER 

BEC 

RART NUMBER 

J10 

CONNECTOR "SMB" 50 OHM 

19506 

2019-7511-000 

477305000 
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07232000A 
MODEL: 7200 

REFRENCE 

PKIgNWOR 

REV; AA *7200'SHIELD ASSY 

DESCRIPTION 

FED. 

CODE 

MANUFACTURER 

PART NUMBER 

BEC 

PART NUMBER 

J8-9 

CONNECTOR 'SMB' 50 OHM 

19606 

2019-7611-000 

477306000 

R1 

RES MF 49.9 OHM 1%1/4W 

19701 

6043E049R90F 

341167000 


07236000A 
MODEL: 7200 

REV: AA FRONT FANEL ASSY 7200 




REFBtENCE 

DESIGNArOR 

PHCBPTKPN 

FED. 

CODE 

MANUFMSTURER 

PART NUMBER 

BEC 

FART NUMBER 

A2A1 

J19 

PWA0BPLAY7200’ 

CONNECTOR BINDING POST GROUND 

74970 

111-2223-001 

072361OOA 
4794540QA 


072361OOA 

REV: DC PWA DISPLAY 7200' 




MODEL: 7200 





REF9ENCE 


FED. 

IMANUFACTURER 

BEC 

nFSKSNATOR 

DESCRIFT10N 

COPE 

FARTNUMBHt 

FART NUMBER 

Cl 

CAPEL100uF20% 25V 

34217 

SM-25-VB-101M 

283334000 

C2-6 

CAPCER 0.1UF20%50V 

04222 

SR215E104MAA 

224268000 

J1 

CONN 20PmSTR06LROW 



4795212GA 

J2 

CONN 3 PIN STR PWB MTG 



47952003A 

35 

CONN M 34 CKT HDR DBL ROW .1CT 



47742234A 

P2 

HEADER 22 PIN STR 



47747722A 

R1 

RESMF3.32K1% 1/4W 

19701 

5043ED3I020F 

341350000 

R2 

RES NETWORK 3.3K2% 1.5W lOpIn 

71450 

750'101-R3.3K 

345030000 

R3 

RES NETWORK 22 OHM +-2 OHM 2W 

01121 

316B-220 

345034000 

U1 

1C 74LS86 GME EXCLUSIVE OR 

01295 

SN74L586N 

5344740QA 

U2 

IC74LS245 OCT BUS TRANSCEIVER 

01295 

SN74LS245N 

63437200A 

U3 

1C 74LS155 DUAL 2-4 LINE DECOD 

01295 

SN74L5155AN 

53447500A 

U4 

1C 8279-2 KEYBD/DISP INTERFACE 

33297 

UPD6279C-2 

634211000 

U5 

1C 2985 HIGH OUTPUT BUFFBt 

56289 

UDN2985A 

53447900A 

U6 

1C 590 ADDRESSMLE PERIPH DRIV 



53472200A 

U7 

1C 74LS138DECDR/MPX 

01295 

$N74LS138N 

534246000 

XU4 

SOCKET 1C 40 PIN LOW PROFILE 

06776 

ICT-406-S-TG 

473068000 


0764320QA 
MODEL; 7600 

REV: BD PWA '7600' H.V. POWER SUPPLY 




REFBtENCE 

DESIGNATOR 

DESCRIF^nON 

FED. 

CODE 

lAANUIACTURER 

PART NUMBER 

BEC 

PART NUMBER 

Cl 

C2 

C3.10-12 

C4 

CAP1ANT22UF10%3SV 

CAPCERO.OOluF 10% lOOV 

CAPCERO.OluF 10% lOOV 

CAP MICA lOOpF 5% 300V 

56289 

04222 

04222 

20307 

196D226X9036PE4 

$R151C102KAA 

SR201C103KAA 

DM5-FC101J 

283308000 

224270000 

224269000 

206006000 
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Parts List 



0764320aA 
MODEL: 7600 

REFERENCE 


REV: BD PWA *7600’H.V. POWER SUPPLY (Cent.) 


PBCRIPnON 


MANUFACTURER 

RARTNUMKR 


CAP EL 4.7uF 20% 2S0V 

CAPTANn0uF2O%2SV 

DtOOESI61N4996 

DIODE SI61N914 

INDUCTOR 1.2mH 5% 76A/103 

TERMINAL .040 OD .270 LG .062M 

TRANS PNP D45H11 

RES MF 243 OHM1% 1/4W 

RE5MF7.50K1% 1/4W 

RESMF1.00M1%1/4W 

RES MF100K1%1/4W 

RES MF27>4K1% V4W 

RES MF10.0K1%U4W 

RES MF47SK1%1/4W 

RESMF221K1%1/4W 

XFORMER STEP UP 7600' 

IC TL072CP DUAL OP AMP 
SOCKET 1C 6 pm 
CRYSTAL 32768 Hz 


19701 

56289 

04713 

01296 

24226 

98291 

04713 

19701 

19701 

19701 

19701 

19701 

19701 

19701 

19701 

04901 

01295 

06776 


3476G0479M250JMBS 

196D106X0026i(A1 

1N4936 

1N914 

22/124 

229-1071-000-230 

D45H11 

5043ED243R0F 

5043ED7K600F 

6043ED1MOOOF 

6043ED100K0F 

S043ED27K40F 

5043ED10K00F 

5043ED47SK0F 

5043ED221KDF 

44609900A 

TL072CP 

iCN-083-S3-G 


28336200A 

283293000 

S3019000A 

530058000 

400380000 

510038000 

52616200A 

341237000 

341384000 

341600000 

341500000 

341442000 

341400000 

341565000 

341533000 

44609900A 

535092000 

473041000 

54703800A 


60341600B 
MODEL: 7200 

REV: AA REAR PANEL UNIT *7200' 




REFERENCE 

PEstgrwQR 

PEaCMPTION 

FED. 

CODE 

MANUTWrrURER 

mmmssR 

BEC 

PART WMBK 

SI 

SWITCH DUAL SUDE DPDT-DPDT 

82389 

47206LFR 

465279000 


96000301A REV: AA FUSE KIT 220V 0.2A 
MODS.: 4200/92QOA 


REFBIENCE 

DESIGNATOR 


FUSE 2/10A(0.2A) 2S0V 

FUSE CARRIER BLACK Smm X 20mm 


FED. 

MANUTACTURER 

BEC 

CODE 

NUMBER 

PART NUMBER 

54426 

MDL 0.2 

545508000 

SCHUR 

FEK031.1663S 

482115000 
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SECTION VII 
SCHEMATIC DIAGRAMS 


Table 7-1. List of Schematics. __ 


Figure 

Figure 7-1. Frame Schematic, ..7-3 

Figure 7-2. Display Board. A2A1, Assembly Diagram.7-4 

Rgure 7-3. Display Board Schematic. A2A1.7-5 

Figure 7-4. Keyboard, A2A2, Assembly Diagram.7-6 

Figure 7-5. Keyboard Schematic, A2A2.7-7 

Figure 7-6. Control Board. A3, Assembly Diagram.7-8 

Figure 7-7. Control Board Schematic, A3, Sheet 1.7-9 

Figure 7-8. Control Board Schematic, A3, Sheet 2.7-11 

Figure 7-9. Control Board Schematic, A3. Sheet 3. 7-13 

Figure 7-10. Mother Board. A4. Assembly Diagram.7-14 

Figure 7-11. Mother Board Schematic. A4.7-15 

Figure 7-12. H. V. Supply Board. A4A1. Assembly Diagram.7-16 

Figure 7-13. H. V. Supply Board Schematic, A4A1.7-17 

Figure 7-14. Oscillator Board. A5A1. Assembly Diagram.7-18 

Figure 7-15. Oscillator Board Schematic. A5A1.7-19 

Figure 7-16. Detector Board, A5A2. Assembly Diagram.7-20 

Figure 7-17. Detector Board Schematic, A5A2.7-21 

Figure 7-18. Amplifier Board. A5A3, Assembly Diagram. 7-22 

Figure 7-19. Amplifier Board Schematic, A5A3.7-23 






























































Schematic Diagrams 



Section 7 



M 


Figure 7-3. Display Board Schematic, A2A1. 7-5 
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7-8 Figure 7-6. Control 
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Rgure 7-7. Control Board Schematic, A3, Sheet 1 






























































































































































































































































































7-14 Figure 7-10. Mother Board, A4, Assembly Diagram 
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Schematic EHagrams 




SEE NOTE 



^ ASSY Q7643E 


PIN 


076432D 




PI THRU P6 
(REF. ) 


COMPONENT SIDE 


NOTE: 

MARK FINAL ASSY PART NUMBER WITH 1/8 HIGH BLACK CHARACTERS. 
REFER TO MANUFACTURING ORDER FOR COMPLETE PART NUMBER 


7-16 Figure 7-12. H.V. Supply Board, A4A1, Assembly Diagram. 
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SCHEMATIC. HIGH VOLTAGE POWER SUPPLY 
83150907A. REV. A 


NOTES: 

1. CAPACITANCE VALUES IN UF. 
UNLESS OTHERWISE SPECIFIED. 

2. RESISTANCE VALUES IN OHMS. 

3. LAST NU^ERS USED: 

C12 CR7 L2 P6 Q1 
R9 T1 U1 Y1 

4. VOLTAGE POWER SUPPLY 
PWB TO BE HOUSED IN A 
STEEL ENCLOSmE. 

5. Pl-6 CONNECT TO: Jl-6 
83i50906A. SH. 6 


Figure 7-13. H.V. Supply Board Schematic, A4A1. i-\i 
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Schematic Diagrams 



NOTE: 

MARK FINAL ASSY PART NUMBER WITH 1/8 HIGH BLACK CHARACTERS. 
REFER TO MANUFACTURING ORDER FOR COMPLETE PART NUMBER 
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Figure 7-14. Oscillator Board, A5A1, Assembly Diagram. 
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NOTE: 

MARK FINAL ASSY PART NUMBER WITH 1/8 HIGH BLACK CHAR/ 
REFER TO MANUFACTURING ORDER FOR COMPLETE PART NUM! 

7-20 Rgure 7-16. Detector Board, A5A2, Assembly Diagram. 



TERS. 































































































































Schematic Diagrams 


COMCCT TO; 
FftaMC ASSY 
•3153303* 


J1 

*AeL*V 


COPMCCTS TO; 

*3*3. INPUT *SSy JS 
VI* N7 HI INPUT 
•31S3303* 


CONNECTS TOE 
*1. FRAME ASSY J3 
•3153303* BIAS 



SO€M*TIC. ANPLIFlEfl 
83153311*. Rev 0 

















WARRANTY 


Boonton Electronics Corporation (BEC) warrants its products to the 
original Purchaser to be free from defects in material and workmanship 
for a period of one year from date of shipment for instrument, and for 
one year from date of shipment for probes, power sensors and 
accessories. BEC further warrants that its instruments will perform 
within all current specifications under normal use and service for one 
year from date of shipment. These warranties do not cover active 
devices that have given normal service, sealed assemblies which have 
been opened or any item which has been repaired or altered without 
EEC's authorization. 

EEC's warranties are limited to either the repair or replacement, at 
EEC's option, of any product foimd to be defective under the terms of 
these warranties. 

There will be no charge for parts and labor during the warranty period. 
The Purchaser shall prepay shipping charges to BEC or its designated 
service facility and shall return the product in its original or an equivalent 
shipping container. BEC or its designated service facility shall pay 
shipping charges to return the product to the Purchaser. The Purchaser 
shall pay all shipping charges, duties and taxes if a product is returned 
to BEC from outside of the United States. 

THE FOREGOING WARRANTIES ARE IN LIEU OF ALL OTHER 
WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING, BUT 
NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE. BEC shall not be liable to any incidental or consequential 
damages, as defined in Section 2-715 of the Uniform Commercial Code, 
in connection with the products covered by the foregoing warranties. 


BOONTON 

BOONTON ELECTRONICS CORPORATION 


